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Abstract: Videos streamed over the Internet can be received by mobile devices any-
where and anytime. The challenges for Internet streaming include avoiding data loss
and playing back the content in the desired quality. A technique for achieving these
goals is Scalable Video Coding (H.264-SVC) that adapts the content to network and
device characteristics without transcoding. Since there is no player for rendering scal-
able video content on mobile phones using more than the base layer, we present our
prototype implementation that is able to decode multiple layers of scalable content in
the temporal, spatial or quality domain. Currently the prototype is available and has
been tested on the iPhone 3G.

1 Introduction

Scalable Video Coding (H-264 SVC) [SMW07], the latest extension to the MPEG-4 Ad-
vanced Video Coding standard, enables content adaptation by removing parts of the en-
coded stream so that the sub-streams result in differently scaled variations. The availability
of different variations is important when delivering the original quality is not possible, like
in case of legacy devices not having enough resources or in lossy wireless network envi-
ronments.
The variations can be produced in the temporal, spatial or fidelity domain. The temporal
scalability is applied to reduce the frame rate, spatial scalability results in a reduced pic-
ture size and fidelity scalability decreases the signal-to-noise (SNR) ratio. A further but not
very frequently used scaling method is the region-of-interest (ROI) scalability, where the
sub-streams typically represent spatially contiguous regions of the original picture area.
While Scalable Video Coding features much flexibility to deliver best possible quality, to
our best knowledge all video players for mobile devices support at most the decoding of
the base layer, which is by definition H-264 compatible, but none of them is able to decode
multiple layers. Being able to handle multiple temporal layers can be necessary to provide
heterogeneous mobile devices with different frame rates while not limiting the decoded
stream to the rate of the base layer. For example, devices with sufficient resources (like the
iPhone) could get the full frame rate while devices with limited resources (older mobile
devices) should receive a limited number of layers resulting in a lower frame rate (e.g.
12 frames per second). Another example stressing the necessity of being able to decode
multiple layers in the spatial domain concerns the support of mobile devices with differ-
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ent resolutions. For example a smart phone with a resolution of 160x240 pixels would
receive only one layer an iPhone with a resolution of 320x480 pixels would get additional
enhancement layers to render the video without using interpolation. Furthermore, we iden-
tify the necessity of being able to use multiple layers with respect to graceful degradation
in the fidelity domain. Lets assume that the video is encoded in two layers, where the
lossless transmission of the base layer requires 400 Kbit/s and the combined transmission
of the base layer and enhancement layer requires 1000/s. Given that the network allows
lossless transmission of both layers, only being able to decode the base layer on the mo-
bile device - and discard the enhancement layer because of the inability to decode multiple
layers - would result in a massive quality loss.
Section 2 gives and overview about Scalable Video Coding (SVC) in general, Section 3
presents current and future technologies for streaming media content to mobile devices,
Section 4 describes our application layer approach for decoding multiple SVC layers on
the iPhone, Section 5 presents the gain from using multiple Scalable Video Coding Layers
instead of only a single one on a mobile device and Section 6 summarizes the presented
work.

2 Background on Scalable Video Coding

Scalable Video Coding (SVC) produces streams consisting of multiple encoded sub-streams
called layers. The first Layer is the base layer, all other layers are called enhancement lay-
ers and are numbered in ascending order. The architecture of a scalable video stream can
be found in Figure 1.

Base - Layer

Enhancement – Layer 1

Enhancement – Layer 2

Enhancement – Layer N

Video-

Stream

Figure 1: Scalable Video Coding Architecture

Decoding different subsets of the layers can result in N permutations. Decoding all layers
together results in the best quality (see Figure2), decoding only the base layer results in
the base quality (see Figure3).
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Base - Layer

Enhancement – Layer 1

Enhancement – Layer 2

Enhancement – Layer 3

Figure 2: All layers are decoded

Base - Layer

Enhancement – Layer 1

Enhancement – Layer 2

Enhancement – Layer 3

Figure 3: Only base layer is decoded

3 Related Work

At the moment mobile video services are largely based on H.263 and MPEG-4, but ac-
cording to [SSW07] the availability of H.264/AVC capable terminals will increase over
the next years, making the features of the new standard ubiquitous. Some examples for
the emerging use of SVC in mobile video transmission can be found in [GLS06] [HHL08]
[SGS+07]. A further indication for the upcoming availability of SVC, is the 3 GPP rec-
ommendation of using the H.264/AVC baseline profile for all mobile services, including
packet-switched streaming services [Cur03], messaging services, and multimedia broad-
cast/multicast services [AK08]. Beside this, mobile broadcast services such as DVB-H
[Wea07] and DAB [LFG+06] will also rely on the new standard.

4 Application Level Scalable Video Coding with multiple Layers

Contrary to the low level Scalable Video Coding implementation [SMW07] our approach
has been implemented at the application layer and allows the transformation of MPEG-
1,2,4, H-264 and QuickTime content into our proprietary scalable format. As illustrated
in Figure 4, a video stream is received by our video proxy and transformed into multiple
layers using the H-264 codec. In order to abstract the various video formats (MPEG-1,2,4,
H-264 or QuickTime) we have implemented a codec-abstraction layer. The support of
that many input video formats has become possible by using a combination of the X264
[Rao06] and the FFMPEG library [Tom06].
In the current implementation every stream which arrives at the proxy is transformed into
the H-264 format producing one base layer and one enhancement layer in the tempo-
ral, spatial and fidelity domain. Once the transformation from the single stream to the
layered format is accomplished, the content is forwarded to the mobile devices. On the
mobile device the layers are processed by the scalability-abstraction layer. The scalability-
abstraction handles the decoding of all H-264 layers into the RGB format as well as the

132



Streaming Server

Internet

Wireless
Local Area Network (WLAN)

RTP
/ UDP

RTP
/ UDP

Multi Layer
Video Stream

Single Layer
Video Stream

Transformation

Multiple Layer Encoding

M
ulti

-L
ayer

Vid
eo

S
tre

am

Multiple Layer Decoding

Scalability – Abstraction Layer

FFMPEG Decoders

Codec – Abstraction Layer

FFMPEG Encoders

S
ingle-Layer

Video
S

tream

S
in

g
le

-L
a

y
e

r
V

id
e

o
S

tre
a

m

Video Proxy

Figure 4: Scalable Video Coding at the Application Layer

merging and forwarding to the media player. For being able to decode the H-264 layers on
the iPhone we have ported the X264 codec for the ARM architecture [Jag97].
The functionality of the codec-abstraction layer for encoding the layers in the temporal,
spatial and fidelity domain as well as the decoding by the scalability-abstraction layer is
explained in the following sections 4.1 to 4.3.

4.1 Temporal Scalability

The block diagram in Figure 5 shows our mechanism for producing one base and one
enhancement layer in the temporal domain. The base and enhancement layers are created
in 6 steps. The steps 1 and 6 are identical for both of them, whereas steps 2-5 are only
required to produce the enhancement layer.

1. The raw video is temporally down-sampled, then transformed using the discrete
cosine transform (DCT) and finally quantized (Q). Temporal down sampling is
achieved by skipping a predefined number of frames. For example a down-sampling
ratio of 2:1 is achieved by skipping every second frame from the input stream.

2. In order to produce the enhancement layer each frame is reconstructed by inverse
quantization and the inverse discrete cosine transform (IDCT).

3. The input for the enhancement layer is temporally up-sampled to the original frame
rate. Temporal up sampling is achieved by replicating frames. In the example of the
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IQ: Inverse Quantization
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Figure 5: Block diagram Scalable Temporal Encoder

1:2 sampling rate, every frame is replicated.

4. The difference between the reconstructed (replicated) and the original frames is cal-
culated. This difference is known as the residual, and stored in the enhancement
layer.

5. The residual is transformed using the discrete cosine transformation (DCT) and
quantization (Q).

6. The quantized coefficients of the (1) base- and (2) enhancement layers are encoded
using variable length coding (VLC).

To decode the base and enhancement layers variable length coding (VLD), inverse quan-
tization (IQ) and inverse discrete cosine transformation (IDCT) have to be applied (see
Figure6). Afterwards, the final output is produced by up sampling the base layer and
merging it with the enhancement layer.

VLD IQ IDCT
Base Layer
Bit Stream

VLD: Variable Length Decoding
IQ: Inverse Quantization
IDCT: Inverse Discrete Cosinus Transform

VLD IQ IDCT +
Enhancement Layer

Bit Stream

Decoded
Videstream

Figure 6: Block diagram Scalable Temporal Decoder
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4.2 Spatial Scalability

A block diagram for encoding one base and one enhancement layer in the spatial domain
can be found in Figure 7. Like for temporal scalability (see Section 4.1) the base layer and

DCT Q VLC

IQ

Q VLC

Raw
Video

Base Layer
Bit Stream

Enhancement Layer
Bit Stream

+
-

DCT: Discrete Cosinus Transform
IDCT: Inverse Discrete Cosinus Transform
VLC: Variable Length Coding
Q: Quantization
IQ: Inverse Quantization

IDCT

DCT

Figure 7: Block diagram Scalable Spatial Encoder

the enhancement layer are created in 6 steps, having in common steps 1 and 6 but applying
steps 2 to 5 only to the enhancement layer.

1. The raw video is spatially down-sampled, transformed using discrete cosinus trans-
form (DCT) and quantized to get the input for both layers.

2. The enhancement layer is produced by reconstructing each frame using inverse
quantization (IQ) and the inverse discrete cosine transform (IDCT).

3. Each enhancement layer frame is spatially up-sampled to the original size using
interpolation.

4. The up-sampled frames are XOR-ed with the corresponding original image, the re-
sulting frame is known as the residual.

5. The residual is transformed using the discrete cosine transformation (DCT) and
quantized (Q).

6. The coefficients from the base- and enhancement layer are encoded using variable
length coding (VLC).

For decoding the two layers Variable Length Coding (VLC), Inverse Quantization (IQ)
and Inverse Discrete Cosine Transform (IDCT) have to be applied (see Figure8).

After applying IDCT to both layers the frames are spatially up-sampled by XORing the
base with the enhancement layer.
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Figure 8: Block diagram Scalable Spatial Decoder

4.3 Fidelity Scalability

A block diagram for our application layer based production one base layer and one en-
hancement layer in the fidelity domain can be found in Figure 9.

DCT Q VLC

IQ

Q VLC

Raw
Video

Base Layer
Bit Stream

Enhancement Layer
Bit Stream

+
-

DCT: Discrete Cosinus Transform
VLC: Variable Length Coding
Q: Quantization
IQ: Inverse Quantization

Figure 9: Block diagram Scalable Fidelity Encoder

Like for temporal and spatial scalability the base layer and the enhancement layer are
created in 6 steps, having in common steps 1 and 6 but applying steps 2 to 5 only to the
enhancement layer.

1. The luminance and chrominance values of the raw video are down-sampled, trans-
formed using discrete cosinus transform (DCT) and quantized to get the input for
both layers.

2. For producing the enhancement layer, each frame is reconstructed using inverse
quantization (IQ) and the inverse discrete cosine transform (IDCT).

3. The luminance and chrominance components of each enhancement layer frame are
up-sampled to the original quality.
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4. Each up-sampled frame is XOR-ed with the corresponding original image. This
difference is known as the residual.

5. The residual is transformed using the discrete cosine transformation (DCT) and
quantized (Q).

6. The coefficients from the base- and enhancement layer are encoded using variable
length coding (VLC).

For decoding the two layers Variable Length Coding (VLC), Inverse Quantization (IQ)
and Inverse Discrete Cosine Transform (IDCT) have to be applied (see Figure10).

DCT Q VLC

IQ

Q VLC

Raw
Video

Base Layer
Bit Stream

Enhancement Layer
Bit Stream

+
-

DCT: Discrete Cosinus Transform
VLC: Variable Length Coding
Q: Quantization
IQ: Inverse Quantization

Figure 10: Block diagram Scalable Fidelity Decoder

After applying IDCT to both layers the frames are spatially up-sampled by XORing the
base with the enhancement layer.

5 Evaluation

In our evaluation section we show the quality improvement obtained from our new ap-
proach where we are able to use the base layer in combination with the enhancement layer
on the iPhone compared to only using the base layer. The proxy for producing the scalable
stream is a standard linux workstation with a 2.13 GHz dual core processor. The decoding
and rendering of the layers is performed on an iPhone 3G. The quality comparison is based
on the peak signal to noise ratio (PSNR) [HCS01] calculation which is an automated stan-
dard method for evaluating video quality. The evaluation is done by emulating the quality
impression of the human visual system (HVS) [JPH05] based on the following equation.

PSNR(n, k)dB = 20log10
2k−1q

1
Ncol∗Nrow

PNcol
i=1

PNrow
j=1 (PB(n,i,j)−PBE(n,i,j))2
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We have evaluated the quality of 18 randomly selected video sequences belonging to vari-
ous categories ranging from sports to entertainment and news videos. For evaluating tem-
poral scalability the base layer was encoded with 12 frames/second, and the enhancement
layer with 13 frames/second. Spatial scalability was evaluated by producing a base layer
with a resolution of 160x240 pixels and an enhancement layer increasing the resolution
to 320x240 pixels. Depending on the different motion intensity and color distribution, the
minimal, average and maximal gain from our implementation has been measured and is
presented in Table 1.

Quality Gain in the Temporal Domain Quality Gain in the Spatial Domain
Min 23.6 % 6.8 %

Mean 41.58 % 23.34 %
Max 62.6 % 70.4 %

Table 1: Evaluation Results

Our comparison shows that the quality improvement for the tested videos, using the en-
hancement layer in the temporal domain, lies between 23.6 % and 62.6 % and the quality
improvement from using the enhancement layer in the spatial domain is between 6.8 %
and 70.4 %.

6 Conclusion

In this paper we have summarized the challenges of video streaming over wireless best
effort networks. We have presented Scalable Video Coding (H.264-SVC) as the state of
the art solution for handling requirements of heterogeneous mobile devices. Since there
is no video player available for rendering scalable video content on mobile phones using
multiple layers, we have presented our prototype implementation which is able to do so.
Currently we are able to decode the base layer plus one enhancement layer in real-time,
which allows to significantly improve the visual quality (see Section 5). A more sophis-
ticated solution concerning the number of the decoded layers will be developed at a later
stage of the project. Having more layers offers the possibility to serve a larger variety of
devices and better possibilities of reacting to bandwidth fluctuations, resulting in higher
end-user satisfaction. Increasing the number of enhancement layers will be realized by
applying the existing algorithms recursively.
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