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Abstract. The use of multimedia-enabled mobile devices such as pocket
PC’s, smart cell phones and PDA’s is increasing by the day and at a rapid
pace. Networked environments comprising of these multimedia-enabled
mobile devices are typically resource constrained in terms of their battery capacity and available bandwidth. Real-time computer vision applications typically entail the analysis, storage, transmission, and rendering
of video data, and are hence resource-intensive. Consequently, it is very
important to develop a content-aware video encoding scheme that adapts
dynamically to and makes efficient use of the available resources. A Hybrid Multi-Layered Video (HMLV) encoding scheme is proposed which
comprises of content-aware, multi-layer encoding of the image texture
and motion, and a generative sketch-based representation of the object
outlines. Each video layer in the proposed scheme is characterized by a
distinct resource consumption profile. Experimental results on real video
data show that the proposed scheme is effective for computer vision and
multimedia applications in resource-constrained mobile network environments.
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Introduction

The modern era of mobile computing is characterized by the increasing deployment of broadband networks coupled with the simultaneous proliferation of
low-cost video capturing and multimedia-enabled mobile devices, such as pocket
PC’s, smart cell phones and PDA’s. Mobile computing has also triggered a new
wave of mobile Internet-scale multimedia applications such as video surveillance,
video conferencing, video chatting and community-based video sharing, many of
which have found their way in practical commercial products. Mobile network
environments, however, are typically resource constrained in terms of the available bandwidth and battery capacity on the mobile devices. These environments
are also characterized by constantly fluctuating bandwidth and decreasing device battery life as a function of time. Consequently, it is desirable to have a
multi-layered (or hierarchical) content-based video encoding scheme where distinct video layers have different resource consumption characteristics and provide
information at varying levels of detail [2].
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Traditional multi-layered video encoding scheme such as the MPEG-4 Fine
Grained Scalability profile (MPEG-FGS), are based on the progressive truncation of DCT or wavelet coefficients [3]. There is an inherent trade-off between
the bandwidth and power consumption requirements of each layer and the visual quality of the resulting video, i.e., the lower the resource requirements of a
video layer, the lower the visual quality of the rendered video [3]. Note that the
conventional MPEG-FGS multi-layered encoding is based primarily on the spectral characteristics of low-level pixel data. Consequently, in the face of resource
constraints, the quality of the lower layer videos may not be adequate to enable a high-level computer vision or multimedia application. For a multi-layered
video encoding technique to enable a high-level computer vision or multimedia
application, it is imperative that the video streams corresponding to the lower
encoding layers encode enough high-level information to enable the application
at hand while simultaneously satisfying the resource constraints imposed by the
mobile network environment.
In this paper, a Hybrid Multi-Layered Video (HMLV) encoding scheme is
proposed which comprises of content-aware, multi-layer encoding of texture and
motion and a generative sketch-based representation of the object outlines. Different combinations of the motion-, texture- and sketch-based representations are
shown to result in distinct video states, each with a characteristic bandwidth and
power consumption profile. The proposed encoding scheme is termed as hybrid
because its constituent layers exploit texture-, motion- and contour-based information at both the object level and pixel level. The high-level content awareness
embedded within the proposed HMLV encoding scheme is shown to enable highlevel vision applications more naturally than the traditional multi-layered video
encoding schemes based on low-level pixel data.
A common key feature of computer vision and multimedia applications on
mobile devices such as smart phones, PDAs and pocket PC’s is video playback.
Video playback typically results in fast depletion of the available battery power
on the mobile device. Various hardware and software optimizations have been
proposed to reduce the power consumption during video playback and rendering [2]. Most of the existing work in this area has concentrated on reducing the
quality of the video, to compensate for battery power consumption.
More recently, Chattopadhyay and Bhandarkar [1] have proposed a contentbased multi-layered video representation scheme for generating different video
layers with different power consumption characteristics. The video representation is divided into two components (i) a Sketch component, and (ii) a Texture
component. The Sketch component has two different representations i.e., Polyline and Spline. The Texture component comprises of three distinct levels (in
decreasing order of perceptual quality) denoted by Vorg , Vmid and Vbase . A combination of any of the three Texture levels and the two Sketch levels are used to
generate six distinct levels of video with different resource consumption characteristics.
In this paper, we extend the work in [1] by effectively increasing the number of perceptual layers in the underlying video representation. This allows for a
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much finer degree of control on the underlying resource consumption while ensuring optimal perceptual quality of the rendered video for the computer vision or
multimedia application on hand. The overall goal is to optimize the performance
of the relevant computer vision or multimedia application within the specified
resource constraints. In the proposed HMLV scheme, we retain the sketch component of the multi-layered video representation described in [1]. We enhance
the texture component described in [1] by using a Gabor Wavelet Transform
(GWT)-based representation for the underlying image texture and by including
motion layers. The various texture layers are generated uniformly via progressive
truncation of the GWT coefficients. The decomposition of the underlying video
into motion layers also allows one to order the objects within the field of view
based on their approximate depth from the camera.
The GWT is a special case of the Short-time Fourier Transform and is used
to determine sinusoidal frequency and phase content of local sections of a signal
as it changes over time. In recent years, the multichannel GWT has been used for
texture analysis and texture representation at multiple scales and orientations.
The Gabor filter is a linear filter obtained by computing the GWT coefficients
at a specific scale and orientation. A Gabor filter bank is a collection of Gabor
filters at multiple scales and orientations. A set of filtered images is obtained by
convolving the input image with the bank of Gabor filters. Each of these filtered
images represents the input image texture at a certain scale and orientation. The
convolution of an input image with a Gabor filter bank bears close resemblance
to the processing of images within the primary visual cortex [4].The proposed
HMLV scheme is discussed in detail in the following sections.

2

HMLV Encoding

The input video is decomposed into two components: (i) the Sketch component
and, (ii) the combined Motion-and-Texture component. The Sketch component
is a Generative Sketch-based Video (GSV) representation where the outlines
of the objects are represented using sparse parametric curves [1]. The Texture
component in [1] is replaced by a combined Motion-and-Texture component in
the proposed HMLV scheme since the selection of motion layers is strongly coupled with the process of generating the texture layers via retention (or deletion)
of the GWT coefficients for the chosen motion layers. The Texture-and-Motion
component in the proposed HMLV scheme is represented by four layers, i.e., a
base layer video, two intermediate mid-layer videos and the original video. The
combination of the Sketch component and different Motion-and-Texture layer
videos (base, mid-level or the original video) yields distinct video states with
unique resource utilization characteristics. Figure 1 shows the proposed HMLV
scheme.
2.1

Encoding VM otion−and−T exture

Multi-scale representation of the image texture is achieved using GWT coefficients at different scales and orientations. The generation of different Motion-
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Fig. 1. Hybrid Multi-Layered Video Encoding Scheme

and-Texture layers is dependent on two factors, i.e., the number of Motion layers
selected and the truncation parameter for the GWT coefficients (i.e., Texture
level) used to represent each Motion layer.
The Motion-and-Texture component of the HMLV representation comprises
of four distinct layers denoted by: Vbase , VI1 , VI2 and Vorig , where Vbase is the
lowest-level layer encoded using the fewest GWT coefficients for all the Motion
layers; Vorig is the highest layer which is represented using the maximum number
of GWT coefficients for all Motion layers resulting in a video of the highest visual
quality; and VI1 and VI2 are the mid-level layers where the Motion layers that
are deemed important are encoded using more GWT coefficients and the rest
using fewer GWT coefficients.
2.2

Generation of Motion Layers

The original video is first processed to extract the different Motion layers, which
form the basis for the generation of the Motion-and-Texture component. For
any two successive video frames, the motion parameters for the Tomasi and Shi
feature points [9] are estimated using an optical flow function [10]. After estimating the motion vectors, an adaptive K -means clustering technique [8] is used
to cluster the motion vectors. Assuming that image pixels belonging to a single
object share similar motion, spatial information is exploited in the clustering of
the motion vectors to generate distinct Motion layers. The background motion
layer is assumed to have constant or zero motion, and the remaining layers to
have non-zero motion. A novel Motion-based Multi-Resolution (MMR) encoding
scheme is proposed to encode distinct Motion layers at varying levels of visual
quality.
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Motion-based Multi-Resolution (MMR) Encoding Scheme

Each frame is represented by selecting the relevant Motion layers and the GWT
coefficient truncation parameter that is used to encode each Motion layer. The
GWT coefficient truncation parameter for each Motion layer is chosen from {0.0,
0.5, 0.7, 0.8, 0.9, 1.0}. The Motion layer is then encoded with the corresponding
number of GWT coefficients. Let Fi be the Motion-and-Texture frame of the
video which is to be combined with the Sketch component to constitute the final
video. Let Mi1 , Mi2 ....Mik be the k Motion layers to be encoded in frame i. Let
Ti1 , Ti2 ....Tik be the k texture levels (based on the GWT truncation parameters)
for the k motion layers found in frame i. Then (Mij , Tij ) represents the motion
layer j of frame i which is encoded using the Texture level Tij . The final Motionand-Texture frame is generated via overlay of all the Motion layers. i.e.,
Pj=k
Fi = j=0 (Mij , Tij )
where 0 ≤ Tij ≤ 1 is the normalized value for the GWT coefficient truncation
parameter.
2.4

Generating the Highest (Top-most) Layer Vorig

Using the above MMR encoding scheme, the original video can be generated
using all the GWT coefficients, i.e., Tij = 1, ∀i, j. This is tantamount to the
encoding of each of the Motion layers with all the GWT coefficients resulting in
full reconstruction of each frame in the video stream.
2.5

Generating the Base Layer Vlow

The lowest-level Motion-and-Texture layer can be generated using very few GWT
coefficients for all the motion layers, i.e., Tij = 0.5, ∀i, j. Using only a few GWT
coefficients results in a smoothed reconstruction of the Motion layer, which, when
overlayed with the Sketch component, improves the visual appeal of the frame.
Deleting entirely the background Motion layer in Vlow generates the layer Vbase0
which is deemed to have a lower power consumption profile than the base layer.
2.6

Generating Intermediate Layers Vmid

Most of the commonly video available encoding techniques are not content-aware,
but in the proposed HMLV encoding scheme the intermediate layers are designed
in such a manner that they articulate perfectly the high-level contents of the
video and encode the information accordingly. The two intermediate layers are
generated as follows:
(i) Encode the motion layer which is farthest from the camera with zero GWT
coefficients and all the other motion layers including background motion layer
with the maximum number of GWT coefficients. (i.e., Ti = 1).
(ii) Encode the motion layer corresponding to the background at a low Texture
level (i.e., with the fewest GWT coefficients) and all other layers at a high
Texture level (i.e., Ti = 1).
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Fig. 2. Example of the Generation of a Hybrid frame from the Base Layer and Polyline Sketch (a) Original Frame, (b) Sketch Frame, (c) Motion-and-Texture Frame, (d)
HMLV frame
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Combining VSketch and VM otion−and−T exture

In the proposed HMLV scheme, VM otion−and−T exture and VSketch are obtained
independently of each other. A suitable Motion-and-Texture frame is generated
and written to the frame buffer by the video controller. The Sketch component
is extracted subsequently and superimposed on the Motion-and-Texture frame.
The components are processed independently; only the order in which they are
rendered is different. The Motion-and-Texture frame is rendered first followed by
the superimposition of the Sketch frame. The video states resulting from different
combinations of the Motion-and-Texture component and the Sketch component
are arranged in a linear order starting with the highest quality video and ending
with the lowest quality video. The first video state is deemed to consume the most
battery power and the last video state the least battery power. The experimental
results presented in the next section demonstrate that the distinct video states
indeed have different power consumption characteristics.

4

Results

This paper discusses the efficient representation of the motion and texture within
a video frame using motion layers and the GWT coefficient truncation parameter
resulting in a simple HMLV encoding framework. In Figure 2, we can observe
the generation of a hybrid frame from a Base Layer frame and Polyline Sketch
frame. Figure 3 shows different Motion-and-Texture layers associated with a single frame that are generated using the proposed HMLV encoding scheme, i.e.,
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Fig. 3. Different Motion-and-Texture Levels (a) Base Layer with Background Motion
Layer Removed (b) Base Layer with GWT Coefficient Truncation Parameter = 0.5 (c)
Intermediate Layer (d) Original Layer with GWT Coefficient Truncation Parameter =
1.0

the base layer, the intermediate layers and the original layer. We can see that
the final visual appeal of the frame is increased by the overlay of the Sketch
component over the base and intermediate Motion-and-Texture layers. The base
layer and the intermediate Motion-and-Texture layers when overlaid with the
Sketch component can be effectively used in video surveillance and object tracking applications where the finer details of the video are irrelevant.
The power consumption profiles for different video states are shown in Figure 4. The overall power consumed during the video playback process is calculated in terms of the available battery time. It can be seen from the graph
that the lower levels of texture take less battery power than the higher levels.
The VSketch layer followed by VBase0 layer (i.e., the base level texture without
the background motion layer) consume the minimum amount of battery power
whereas the original video consumes the maximum amount of battery power
on the device. All experiments have been performed using a Dell Inspiron 1525
laptop PC with 2.0GHZ CPU, 2GB RAM, and a 250GB, 5400 rpm hard drive
running in battery mode.

5

Conclusions

This paper presents an integrated HMLV representation framework for contour, motion- and texture-based encoding using object outline sketches, motion
layers and GWT coefficient truncation parameters. The earlier HLV encoding
scheme [1] generated only three texture levels Vorig , Vmid and Vbase resulting in
six distinct HLV encoding levels, whereas the proposed HMLV encoding technique generates four Motion-and-Texture levels - the original layer, two intermediate layers and a base layer. This results in more fine-grained HMLV levels
which make more efficient use of the available resources. This is very much evident from the power consumption profiles of different HMLV layers. we plan to
evaluate the proposed HMLV scheme in the context of some important multimedia applications in a resource-constrained mobile network environment, such
as face detection, face recognition and face tracking, using quantitative metrics.
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Fig. 4. Power Consumption Profiles for Different Texture Levels
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