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Abstract— This paper describes an OMAP-based real-time test
bench to find the Pareto frontier of an H.264/SVC decoder within
a distortion-energy optimization space. A metric to estimate
video distortion is introduced. In addition, energy consumption
estimates are obtained from real-time measurements of the
computational load. Finally, test bench operation is successfully
demonstrated with different H.264/SVC-compliant sets of
sequences.

Keywords: Distortion-Energy optimization, Scalable Video Coding,
Video Quality Estimation.

L INTRODUCTION

System-level energy optimization of battery-powered
multimedia embedded systems has recently become a design
goal. The poor operational time of multimedia terminals
makes computationally demanding applications impractical in
real scenarios. For instance, the so-called smart-phones are
currently unable to remain in operation longer than several
hours [1]. Moreover, because no step change in energy
densities of lithium-based batteries is predicted in the near
future [2], storage technology improvements alone will
achieve no significant increase in terminal operational time.
System-level solutions to maximize operational time have
already been proposed in the literature [3, 4, 5, 6]. However,
despite the fact that degradations of perceived multimedia
quality prevent technology user adoption [7], this performance
parameter has usually been discarded as an optimization goal.

A multi-objective  optimization that simultaneously
considers perceived video quality and global energy
consumption has already been envisaged [8]. The aim is to
vary the perceived multimedia quality to achieve the
maximum operational time. Generally speaking, both quality
and system energy consumption depend on parameters such as
power amplifier transmission power, linearity and video
distortion, among others [10]. The set of possible values of
these control parameters can be viewed as a set of points in a
multidimensional control space. Depending on the battery
state-of-charge, efficient multimedia terminals can search the
set of system control points that simultaneously optimize
operational time and multimedia quality [10].

A Pareto-optimum system control point [11] is found when
an increase in the terminal operational time is only
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accomplished at the expense of multimedia quality or,
conversely, when further improvement in quality is only
realized with a simultaneous decrease in operational time. The
set of Pareto-optimum system control points is known as the
Pareto frontier [12].

To avoid the excessive overhead of finding the optimum
system control points at runtime, the Pareto frontier can first
be characterized at design time based on a scenario definition;
later, at runtime, this can be used to select an optimum system
control point as a function of the battery state-of-charge [8]. It
is worth noting that achieving the maximum quality is
equivalent to reaching the minimum distortion; similarly,
accomplishing the maximum operational time is equivalent to
reaching the minimum global energy consumption.

The methodology to obtain the Pareto frontier at design
time could be summarized as follows. A scenario in which a
multimedia terminal receives and decodes a Transport Stream
(TS) is assumed. In this context, network- and multimedia-
related features, especially real-time video decoding, will be
the main greedy energy consumers. For instance, Neuvo [13]
indicates that two-thirds of the 3W power budget of a third-
generation (3G) mobile phone in a 384 Kbps video streaming
scenario accounts for network- and multimedia-related
features. Next, the quality and consumption behavior of the
multimedia terminal are estimated or measured for a defined
scenario based on the system control points. Finally, Pareto-
optimum system control points belonging to the Pareto
frontier are identified to be used at runtime.

Although multi-objective terminal characterizations have
already been proposed in the literature [10], to the best of our
knowledge, no detailed results have been presented on
terminals with current state-of-the-art video decoder
implementations. This paper describes an OMAP-based [14]
real-time test bench to estimate the Pareto frontier of a video
decoder embedded in a multimedia terminal within the
distortion-energy optimization space.

The rest of the paper is organized as follows. In section I,
a controllable energy consumption video decoder is described.
Section III details the test bench used to characterize the
Pareto frontier of a multimedia terminal. In section IV, the
usage of the test bench is exemplified, and the results are
shown. Finally, in section V, conclusions are drawn, and
future work is proposed.



II.  SOLUTION BASED ON SCALABLE VIDEO CODING

To control the energy consumption of a video decoder
embedded in a battery-powered portable device, the
H.264/SVC (Scalable Video Coding) standard [15], [16] is an
appropriate choice. In this standard, the video compression is
performed by generating a unique hierarchical bit-stream
structured in several levels or layers of information, consisting
of a base layer and several enhancement layers. The base layer
provides basic quality. The enhancement layers provide
improved quality at increased computational cost and energy
consumption. Because the energy consumption depends on the
particular layer to decode, an H.264/SVC decoder is a very
well-suited solution for managing the energy consumption by
selecting the appropriate layer. H.264/SVC was standardized
as an annex of H.264/AVC standard in 2007 to cover the
needs of scalability. It specifies three types of scalabilities:
spatial, temporal and quality.

In a temporally scalable video sequence, several frame rates
(temporal layers) of a video sequence can be chosen when
decoding. Fig. 1 shows an example of a Group of Pictures
(GOP) where the user can select three plausible frame rates. If
the device decodes the four frames of the GOP (I1, B1, B2,
B3), a full-frame-rate sequence will be obtained. If the
decoder discards B1 and B3 frames and only decodes 11 and
B2, a half-frame-rate sequence will be achieved. The third
case is a quarter-frame-rate sequence, which will be obtained
when the decoder discards B1, B2 and B3 frames and only

decodes I1.

Fig. 1. Example of a GOP in a temporally scalable bit-stream.

In a spatially scalable video sequence, several spatial
resolutions (spatial layers) of the video frames can be chosen
when decoding. Fig. 2 depicts an example of a spatial scalable
bit-stream containing three possible resolutions. As can be
seen, the information relating to the three resolutions of a
frame is contained in the field reserved for such frame in the
bit-stream.

[Video Header| GOP | GOP GOP ]

“Frame 1 | Frame 2 | Frame 3 | Frame4 |

Fig. 2. Example of a spatially scalable bit-stream.

In a quality-scalable video sequence (or SNR sequence), it
is possible to select several quality levels (quality layers) when
decoding. Fig. 3 shows an example of a quality scalable bit-
stream with three types of quality. The information relating to
the three qualities of a frame is contained in the space reserved
for this frame in the bit-stream.

[Video Header| GOP [ GOP GOP |
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“Frame 1 | Frame 2 | Frame 3 | Frame 4 ||

Fig. 3. Example of a quality-scalable (SNR) bit-stream.

Finally, the three types of scalability specified in
H.264/SVC can be combined into a bit-stream. As an
example, consider a coded video sequence that has three
temporal layers, three spatial layers and three quality layers.
An H.264/SVC decoder that has a medium charged battery
may decode, for instance, the third spatial layer to get full
spatial resolution, the second temporal layer to get half
temporal resolution and the first quality layer to get a low-
quality level. A decoder that has a fully charged battery might
decode the entire bit-stream to get the full temporal and spatial
resolution as well as the higher quality.

III. TEST BENCH

A. Test bench Description

To find the Pareto-optimum system control points that
minimize the distortion of the decoded sequence and the
decoder energy consumption, the test bench shown in Fig. 4
has been implemented.

The test bench consists of a decoder that implements the
standard H.264/SVC using a development platform based on a
C64+ [17] DSP core from Texas Instruments. The test bench
decodes the layers of a sequence and measures the number of
CPU clock cycles required to decode each frame.

Using an energy consumption model of the DSP and
measuring the processor computational load, it is possible to
estimate the energy consumption of the decoder for each layer.

On the other hand, the distortion of the decoded sequences
is estimated by assigning to each of the layers a value as a
function of the quality, spatial and temporal resolutions.

Both estimations define a two-dimensional optimization
space in which it is possible to select the combinations that
simultaneously maximize both parameters.
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The following subsections describe the implementation of a
H.264/SVC decoder, the selected DSP core, the generated
sequences for the tests and the estimation models of energy
consumption and distortion.

B.  OpenSVC Decoder

IETR has developed the OpenSVC decoder [18], a
C language baseline profile SVC decoder supporting all tools
to deal with spatial, temporal and quality scalabilities. It is
based on a fully compliant H.264 baseline decoder with most
of the tools of the main profile. Only the interlaced coding and
the weighted prediction are not supported because of their
complexity for embedded systems. The performance of the
OpenSVC decoder is up to 52 times faster than that of the
JVSM decoder [19], which makes this decoder a good starting
point in the development of a DSP-based SVC decoder.

The OpenSVC decoder has been developed to be compiled
in a PC environment; thus, the code has been ported to the
DSP development environment. In this porting process, the
configuration of the real-time operating system has been
defined, and the maximum size of the decoded frames has
been reduced due to the memory limitations in the
development platform.

To confirm the DSP-based decoder conformance, an
automatic test has been developed to compare pixel by pixel
the sequences decoded by the OpenSVC decoder running in a
PC with the sequences generated by the DSP. The results of
this comparison demonstrate that the sequences decoded by
the PC version are identical to the sequences decoded by the
DSP.

C. Prototyping Platform

The OMAP family of processors includes a DSP core based
on the C64+. This core is the same as the one integrated in the
TMS320DM6437 DSP [20]. A commercial development
platform is available for this DSP. The conclusions related to
energy consumption obtained for this DSP are directly
applicable to the OMAP processors.

A simplified block diagram of the C64+ is shown in Fig. 5.
A fixed-point core with two levels of internal memory (L1 and
L2) and an internal DMA (IDMA) is used. The LIP
memory/cache consists of a 32 KB memory space and the
L1D memory consists of an 80 KB memory space. Both
memories can be configured as cache memories, general-
purpose memories or a combination of both. Finally, the L2

memory/cache consists of a 128 KB memory space, shared
between the program and data. L2 memory can be configured
as a general-purpose mapped memory, a cache memory, or a
combination of both.

In the test bench, the L1P and L1D internal memories have
been configured as 32 KB level-1 cache memories, and the L2
internal memory, as a 128 KB of level-2 cache memory.

The DSP includes other peripherals that will be interesting
in near future for developing a complete multimedia terminal
device as an Ethernet MAC (EMAC), an EDMA controller
(EDMA3) and a video processing subsystem for video display.

C64x+ DSP

32KB || 80 KB
L1P L1D
Cache || Cache

128 KB L2 RAM

IDMA

Fig. 5. Architecture of the kernel C64+.

A commercial prototyping board [21] (Fig. 6) based on the
DSP has been used to test the OpenSVC decoder and measure
its performance as the number of CPU cycles spent to decode
each frame of a specific layer. The board has a DSP working
at 600 MHz, 128 MB of SDRAM external memory, 80 MB of
Flash external memory and several interfaces.

The decoder performance has been measured in real time
using a DSP internal timer. The timer is captured both at the
beginning and at the end of a Network Abstraction Layer
(NAL) decoding process. The difference between the two data
is the time spent by the decoder for this NAL unit.

Fig. 6. The DSP-based development board.

The decoder has been migrated to the prototyping board,
and a specific test application has been developed to measure
the decoder performance. In this application, a test stream is
read from a file and written into a stream buffer allocated in
external memory. Subsequently, the DSP reads the stream
from this memory, decodes it on a picture basis and writes the
decoded picture into a buffer. The picture is also written into a
file. Moreover, a file with real-time performance
measurements is generated that includes the number of CPU
cycles spent to decode each picture.



To execute automatic tests, a Perl script [22] has been
generated using the script language available in Code
Composer Studio [23]. This automatic test decodes all of the
sequences and extracts profiling results in Excel file format.

D. Distortion Model

Generally speaking, each type of scalability affects the
distortion of decoded scalable streams differently. Spatial
scalability influences the size of decoded frames; temporal
scalability has an impact on video motion feeling, and quality
scalability concerns Signal-to-Noise Ratio (SNR).

To have an objective measure of the global distortion of a
decoded layer, L, the definition of a distortion parameter that
includes the three kinds of scalabilities is needed. With this
idea in mind, a normalized layer distortion parameter, o(L),
has been defined as the complement of the distance between
the layer, L, and the maximum-distortion layer, L.

S(L)=1-d(L,L,) (1

To measure the layer separation,
(Manhattan) distance has been selected:

the weighted L,

2

d(X.Y)=WL(X.Y)=Y" wlx,-y,

where the x; and y; are the scalability values of layers X and
Y, and w; are the weights for the spatial, temporal and quality
dimensions. Frame size (F’s), frame-rate (Fr) and bit-rate (Br)
have been used as metrics of the spatial, temporal and quality
scalabilities, respectively. Note that the metric used for quality
scalability is the sequence bit-rate instead of the Peak-SNR
(PSNR). Bit-rate and PSNR parameters are directly related
and usually the decoders can be configured to obtain a specific
bit-rate but not a PSNR.

Given the previous definition, the normalized layer
distortion parameter can be calculated as indicated in equation

3)
S(L)=1—{DS(L)+TS(L)+QS(L)} 3)
where DS(L), TS(L), and QS(L) are the spatial, temporal and

quality scalability components of the interlayer distance,
defined in equations (4-6).

DS(L)= S VR |Fs(L)-Fs,,| 4)
F'Smax - Smin
¢ (%)
IS(L)=—2——|Fr(L)-Fr,
(L) =g —|Fr(L) = Fry,|
05 (L)=————|Br(L)-Br,,| ©
max — PV pin
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C; are the scale coefficients, Z;; C =1
L is the selected layer.

Fs(L) is the frame size of layer L.
Fr(L) is the frame-rate of layer L.
Br(L) is the bit-rate of layer L.

Fs .. and Fs,, are the greatest and smallest layer

O O O OO

frame sizes, respectively.
o Fr_ and fr  are the greatest and smallest layer

max
frame-rates, respectively.
©o Br.. and Br,,, are the greatest and smallest layer bit-

rates, respectively.

The scale coefficients, C;, adjust the weight of each distance
scalability component, DS, 7S, and OS. Their value varies
between zero and one. Depending on the components to be
highlighted, i.e. the distortion model to be considered, the
scale coefficients are modified accordingly. For instance, in
case the spatial component, DS(L), is the most significant one,
the values of the scale coefficients could be C; = 0.6, C,=0.2
and C; = 0.2. As a consequence, the defined normalized layer
distortion parameter, (L), is a useful tool to study how a
particular distortion model impacts on the device energy
consumption.

E. Test Sequences

In order to assess the test bench depicted in Fig. 4, the well-
known video sequence foreman (50 frames, YUV 4:2:0) has
been encoded using a commercial H.264/SVC codec [24].
Three 9-layer sequences have been generated. The layer
structure of each sequence consists of all the possible
combinations among three spatial resolutions (CIF, QCIF, and
subQCIF) and three frame-rates (24 fps, 12 fps, and 6 fps). In
addition, each sequence has been encoded with different bit-
rate (0.5 Mbps, 1.0 Mbps, and 2.0 Mbps).

As far as the codec parameters to generate the three test
sequences concern, the GOP size equals 16 progressive
frames, the Context-based Adaptive Binary Arithmetic Coding
(CABAC) tool is used for entropy coding, the deblocking
filter is active, all possible macroblock partitions are enable
for intra- and inter-prediction, a maximum of three reference
frames is allowed, and, at last, 3 B-frames are coded for each
I- or P-frame.

For each test sequence layer, the values of the metrics
defined in the previous section have been ordered and mapped
into three indexes: D, T and Q. The D index designates the
spatial resolution, the T index symbolizes the frame rate and
the Q index denotes the bit-rate level. Each combination of D,
T and Q values, i.e., a layer, defines a control point.

Since the quality, space and temporal scalabilities of the test
sequences includes three possible values, the triplet (D, T, Q)
defines a three-dimensional global control space with 27
control points (See Fig. 7). For instance, the control point
associated in Fig. 7 with the base layer of the first encoded



sequence is (0, 0, 0), i.e. (subQCIF, 6 fps, 0.5 Mbps), and the
maximum quality layer control point of the third encoded
sequence is (2, 2, 2), i.e. (CIF, 24 fps, 2.0 Mbps).

Quality (Q)
A

(2,2.2)

(0,0,0) Iemporal )

Spatial (D)

Fig. 7. Test sequences (D, T, Q)-triplet control space

Each test sequence includes three spatial resolutions (D = 0,
1 and 2) and three frame rates (T =0, 1 and 2). As can be seen
in Fig. 8, the 9 control points of a test sequence define a subset
of the global control space. In particular, Fig. 8 shows the
subset of the third sequence for Q =2, i.e. 2 Mbps of bit-rate.
The layers within the sequence are labeled from LO to LS.

Note that three independent test sequences have been
encoded instead of only one because neither the encoder nor
the OpenSVC decoder supports bit-streams with 27 layers.

Quality (Q)
A

S3-L0 S3-L1 o S3-L2
k4

[2]
;-
w
.
u

3@ S3-L5

S3-L6 S3-L7 S3-L8

Iemporal ()

Spatial (D)

Fig. 8. Control point set of the 2.0 Mbps test sequence (Q = 2).

F.  Energy Consumption Model

The device energy consumption model described by the
manufacturer in [25] has been used. It is based on
experimental measurements of devices that have been selected
at the maximum end of energy consumption for production
units. The manufacturer guarantees that no production units
have average power consumption that exceeds the predicted
values. This model is divided into two primary parts: baseline
energy and activity energy.

Baseline energy describes energy consumption that is
independent of any chip activity. This includes static power
(leakage) and oscillator power. Baseline power depends on
device operating frequency, voltage and temperature.

Activity energy describes the energy consumed by DSP
active modules, ie. CPU, external memory interfaces,
peripherals, etc. Therefore, this consumption varies widely
depending on the usage of on-chip resources. Activity energy
depends on voltage and activity levels. The contribution of the
major modules of the device to the activity energy can be
measured independently. For each module, the model specifies
a linear relation between the activity energy and the activity
level. In turn, the module activity level depends on several
parameters such as frequency, status, utilization, read/write
balance, bus size and switching probability.

The energy consumption estimates of the DSP-based
OpenSVC decoder have been obtained with the frequency
value set at 600 MHz, the input voltage value at 1.2 V and the
temperature value at 25°C. With these settings, the
corresponding baseline energy is 1.3 J for all of the test
sequences. To estimate the activity energy of the model, only
the CPU module has been considered.

IV. RESULTS

Using the test sequences defined in section IILE and the
implemented test bench described in section Error!
Reference source not found., the computational load needed
to decode each layer of the example sequences has been
measured. Applying the energy consumption model described
in section IIL.F, an estimate of the active energy consumed to
decode the layers of the test sequences has been obtained.
Table I summarizes the computational load and the consumed
active energy for each layer of foreman (0.5 Mbps, 1.0 Mbps,
2.0 Mbps). As can be seen from Table I, frame rate and frame
size modifications are the main reason for active energy
change (up to a 25%). In contrast, no significant increase (less
than 5%) in active energy consumption is achieved varying the
bit-rate from 0.5 Mbps to 2.0 Mbps.

CPU COMPUTATIONAL LOAD AND ETS??I\ZiTIED ACTIVE ENERGY CONSUMPTION.
512 Kbps 1 Mbps 2 Mbps
% Energy % Energy % Energy
CPU W) CPU W) CPU W)
SUB QCIF 2.6 1.84 3.2 1.84 4.4 1.85
6 fps QCIF 71 1.87 8.3 1.87 10.5 1.89
CIF 20.8 1.95 23.1 1.96 26.9 1.99
SUB QCIF 4.2 1.85 5.1 1.86 6.9 1.87
f1p?s QcIF 140 | 191 | 159 | 192 | 190 | 1904
CIF 41.4 2.07 44.9 2.09 51.2 213
SUB QCIF 7.0 1.87 8.5 1.88 11.4 1.89
fzpi QcIF 265 | 198 | 208 | 200 | 368 | 204
CIF 80.0 2.30 85.6 2.33 97.0 2.40

Table II provides the values of the normalized layer
distortion parameter, J, for three distortion example models.
The features of the defined models are the following:



o In Model 1, all scalability components (DS(L), TS(L),
OS(L)) are of equal significance. The values of the
scale coefficients are C; = 0.333, C, = 0.333 and C; =
0.333. The distortion parameter of Model 1 is
designated as d/.

o In Model 2, DS(L), the spatial scalability component, is
the most significant one. The values of the scale factors
are C; = 0.5, C, = 0.25 and C; = 0.25. The distortion
parameter of Model 2 is named J2.

o In Model 3, the most significant scalability component
is TS(L). The values of the scale factors are C; = 0.25,
C, = 0.5 and C; = 0.25. The distortion parameter of
Model 3 is designated as 03.

As shown in Table II, the normalized layer distortion
parameter, J, is a relative measurement. Effectively, in any of
the distortion models, ¢, varies from the minimum distortion
(0=0) for the (CIF, 24 fps, 2.0 Mbps) layer to the maximum
distortion (0=1) for the (subQCIF, 6 fps, 0.5 Mbps) layer. In
any case, the distortion value distribution depends on the
selected model.

Distortion vs Energy Consumption

Distortion (5)

Energy (J)

W2 Mbps ® 1 Mbps A 512 Kbps

Fig. 9. Distortion-Energy optimization space for distortion model 1.

Distortion vs Energy Consumption

Distortion ()

TABLE II
DISTORTION PARAMETER (8) FOR DIFFERENT DISTORTION MODELS.
ol 02 3
24 12 6 24 12 6 24 12 6
fps fps fps fps fps fps fps fps fps
SUBQCIF | 067 [0.89 [1.00 |0.75 [0.92 |1.00 |0.50 [0.83 | 1.00
512 Energy (J)
Kbps QCIF 060 [0.82 |093 [0.70 |0.87 [095 | 045 |0.78 | 0.95 [W2 Vops @ 1 Wbps 4512 Kbps]
CIF 0.33 | 0.56 |0.67 |0.50 |0.67 |0.75 |0.25 [0.58 |0.75 ) o o o
Fig. 10. Distortion-Energy optimization space for distortion model 2.
SUBQCIF [(056 [0.78 | 0.89 [0.58 |0.75 [0.83 | 042 |0.75 | 0.92
1 QCIF 045 [(0.71 |0.82 |0.53 [0.70 | 0.78 | 0.37 [0.70 | 0.87
Mbps Distortion vs Energy Consumption
CIF 022 | 044 (056 |0.33 [0.50 [0.58 |0.17 [0.50 | 0.67
SUBQCIF |0.33 [0.56 |0.67 |025 [042 | 050 |0.25 [0.58 | 0.75
2 QCIF 0.27 (049 | 0.60 |0.20 [0.37 |0.45 |0.20 [0.53 | 0.70
Mbps
CIF 0.00 | 0.22 (0.33 |0.00 [0.17 | 0.25 | 0.00 [0.33 | 0.50

Fig. 9, Fig. 10 and Fig. 11 presents the Distortion-Energy
optimization space for distortion model 1, model 2 and model
3, respectively.

The control points marked with a A present the couple of
distortion-energy values associated to the layers of sequence
S1 (512 Kbps); the mark, e, shows the control points
associated with the layers of sequence S2 (1.0 Mbps) and,
finally, the control points associated to the layers of sequence
S3 (2.0 Mbps) are presented with a m. In each figure, the
control points belonging to the same test sequence are
wrapped with a dashed line. As shown in the previous figures,
the behavior of the optimization spaces assesses successfully
the test-bench presented in this paper.

Distortion (5)

Energy (J)

W2 Mbps ® 1 Mbps 4 512 Kbps

Fig. 11. Distortion-Energy optimization space for distortion model 3.

V. CONCLUSIONS AND FUTURE WORK

This paper has presented a test bench to optimize
simultaneously at design time distortion and energy
consumption of a state-of-the-art OMAP-based H.264/SVC
decoder.



Computational load needed to decode all the layers included
in three 9-layer H.264/SVC-compliant sequences have been
measured. A parameterized distortion model has been
proposed to assign a distortion value to each layer
independently of its scalabilities characteristics. The behavior
of the optimization spaces assesses successfully the test-bench
presented in this paper

The goal of this research addresses the design of a
multimedia mobile terminal. In near future, the work will
focus along two lines: design a prototype to measure the
energy consumption to validate the estimates obtained with
the energy consumption model and adjust the parameters C,
C, and C; of the distortion model to match the user perceived
distortion.

ACKNOWLEDGMENT

The authors would like to thank Ernesto Seisdedos from
Universidad Politécnica de Madrid and Mederic Blaster from
IETR/Image group Lab for their contributions to this work.

REFERENCES

[1] Pentikousis, K., “In search of Energy-Efficient Mobile Networking”
IEEE Communications Magazine, January 2010, Vol. 48, No. 1, pp. 95-
103, January 2010.

[2] P.J. Hall and E. J. Bain, “Energy-Storage Technologies and Electricity
Generation” Energy Policy, Vol. 36, 2008, pp. 4352-4355.

[3] R. Jejurikar and R. Gupta, “Dynamic Voltage Scaling for Systemwide
Energy Minimization in Real-time Embedded Systems” ISLPED 2004
pp. 78-81, August 2004.

[4] J. M. Reason and J. M. Rabaey, “A Study of Energy Comsumption and
Reliability in a Multi-Hop Sensor Network”. ACM SIGMOBILE Mobile
Computing and Communications Review, Vol. 8(1), pp. 84-97, Jan.
2004.

[5] C. Park, J Liu and P. Chou “Eco: an Ultra-Compact Low Power
Wireless Sensor Node for Real-time Motion Monitoring” Proceeding of
the 4th International Symposium on Information Processing in Sensor
Networks, April 2005.

[6] N. H. Zamora, J-C. Kao and R. Marculescu, “Distributed Power-
Management Techniques for Wireless Network Video Systems”. DATE
2007, April 2007.

[77 W. Wu, A. Arefin, R. Rivas, K. Nahrstedt, R. Sheppard and Z.. Yang,
“Quality of Experience in Distributed Interactive Multimedia
Environments: Toward a Theoretical Framework”, Proceedings of the
Seventeen ACM international Conference on Multimedia, pp. 481-490,
October, 2009.

(8]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

W. Eberle, B. Bougard, S. Pollin, F. Catthoor, “From Myth to
Methodology: Cross-Layer Design for Energy-Efficient Wireless
Communication” Proceedings of the 42" Annual Design Automation
Conference (DAC), pp. 303-308, June 2005.

A. Dejonghe, B. Bougard, S. Pollin, J. Craninckx, A. Bourdoux, L. Van
der Perre and F. Catthoor, “Green Reconfigurable Radio Systems:
Creating and Managing Flexibility to Overcome Battery and Spectrum
Scarcity”. IEEE Signal Processing Magazine, Vol. 24 ( ), pp. 90-101,
2007.

X. Ji, S. Pollin, G. Lafruit, I. Moccagatta, A. Dejonghe and F. Catthoor,
“Energy-Efficient Bandwidth Allocation for Multiuser Scalable Video
Streaming over WLAN” EURASIP Journal on Wireless
Communications and Networking, vol. 2008, Article ID 219570, 14
pages, 2008.

K. M. Miettinen: Nonlinear Multiobjective Optimization, Kluwer
Academic Publishers, 1999. ISBN 978-0-792-38278-1.

J. K. Branke, K. Deb, K. Miettinen and Roman Slowinski (Eds).
Multiobjective Optimization: Interactive and Evolutionary Approaches.
Springer, 2008. ISBN 978-3-540-88907-6.

Y. Neuvo, “Cellular Phones as Embedded Systems”. Proceedings of the
IEEE Internatioanl Solid-State Circuits Conference, pp. 32-37, February
2004.

Texas Instruments. OMAP DSPs.
folders/print/omap3530.html.

ISO/IEC 14496-10. Information technology. Coding of audio-visual
objects. Part 10: Advanced Video Coding. 2008.

H. Schwarz, D. Marple and T. Wiegand. “Overview of the Scalable
Video Coding Extension of the H.264/AVC Standard”. IEEE
Transactions on Circuits and Systems for Video Technology Vol 17, N°
9, pp 1003-1120. September 2007.

Texas  Instruments. =~ OMAP  Technical
http://focus.ti.conv/lit/ug/spruf98d/spruf8d.pdf.
M. Blestel and M. Raulet. “The Open SVC Decoder project” ACM
Multimedia 2009, Open Source Software Competition Program.

Joint Scalable Video Model JSVM-9.9, Available in CVS repository at
Rheinisch-Westfalische Technische Hochschule (RWTH) Aachen.

http://focus.ti.com/docs/prod/

Reference  Manual

Texas Instruments. DaVinci DSPs. http://focus.ti.com/docs/prod/
folders/ print/tms320dm6437.html.
DM6437  Digital Video  Development Platform  (DVDP).

http://www.spectrumdigital.com/product_info.php?cPath=37&products_
1d=196&0sCsid=0abf007219687529d1d010374287bd64.

The Perl Programming Languaje. http://www.perl.org/.
Using the Scripting Utility in the Code Composer Studio IDE.
http://www.ti.com/libv/pdf/spra383a.pdf.

Mainconcept SVC Scaleble Video Coding. http://www.mainconcept.
com/site/developer-products-6/pc-based-sdks-20974/sve-tech-preview-
22033/information-22036.html.

Texas Instruments. TMS320DM643x Power Consumption Summary.
SPRAAOG6B. June 2008. http://focus.ti.com/lit/an/spraao6b/
spraao6b.pdf.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


