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ABSTRACT

This paper proposes a model to predict the energy consump-
tion of a H.264/AVC intra-only based encoder designed for
the wireless video sensor networks (WVSNs). Such model
is of great interest in an energy-constrained context like the
WVSN, where the video streams are processed prior to trans-
mission. In fact, accounting for both processing’s and trans-
mission’s consumed energies allows the optimization of the
global energy consumption. The proposed model predicts
the processing’s energy consumption based on the consid-
ered Quantization Parameter (QP) and the Frame Rate (FR)
values. The generic form of this model enables it to predict
the energy consumption of any H.264/AVC intra-only based
encoder. Simulation results demonstrate the accuracy of the
proposed model, that is validated under different resolutions,
QP and FR, with an average prediction error of 4%.

Index Terms— Energy consumption modelling, video
compression, H.264/AVC, wireless video sensor network

1. INTRODUCTION

A wireless sensor network is a self-organized system which
is composed of many geographically distributed sensor nodes
that collaborate to capture and process data, then route it to
destination called the sink, via several short range wireless
transmissions. In a wireless video sensor network (WVSN),
the nodes are able to capture video streams thanks to the
equipped low-cost CMOS cameras. The processing of
this kind of data is a challenging task for these resource-
constrained units (i.e., energy) which are used in practice to
deal with only scalar data. In fact, sensor nodes are typically
battery powered; and changing this component is in general
undesirable and it is even impossible in some applications.
In conventional wireless sensor networks the processing’s
energy consumption is neglected since this operation is con-
sidered as simple. However, in a WVSN the captured video
stream is compressed before transmission; according to the
literature [1], the video compression can consume about 2/3
of the total power for video communications over wireless
channels. Therefore, energy efficient compression is required
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while maintaining acceptable video quality.

In [2], we propose an energy efficient adaptive video com-
pression scheme for WVSNs. This solution, which is based
on the H.264/AVC standard with only intra prediction, op-
erates using two modes, namely the standby mode and the
rush mode. In the standby mode, a low frame rate (FR)
is adopted while the image quality is maintained to a high
level. In the rush mode, the FR is increased and the Flexible
Macroblock Ordering (FMO) [3] coding tool provided by the
H.264/AVC video compression standard is used to produce
two service-differentiated macroblocks categories: region of
interest (ROI) and background (BKGD). In addition, to de-
crease the transmission’s energy consumption, a controlled
bit rate adaptation, based on frequency selectivity is applied
to reduce the background data amount. Finally, CAVLC
entropy encoding is used. In fact, even if it is slightly less ef-
ficient than CABAC, it can approach the entropy of the source
with a reduced complexity. The intra mode is used because
it is adapted to the WVSN context. In fact,the authors in
[4] propose a comparative study concerning the H.264/AVC
intra mode against JPEG and JPEG2000. They conclude
that the H.264/AVC intra mode offers an interesting compro-
mise in terms of complexity, quality and coding efficiency.
In addition, as will be shown in this paper, the inter-image
coding mode consumes much more energy. In fact, consid-
erable energy can be saved when the H.264/AVC intra-only
mode (reducing the encoding energy [5]), and energy effi-
cient transmission schemes are adopted. Consequently, this
makes the H.264/AVC intra-only mode an attractive tool for
video compression in a WVSN. We demonstrate in [2] that
the proposed solution is able to extend network lifetime up to
three times compared to the classical scheme, thanks to the
important amount of energy that is saved during the trans-
mission phase. However, the consumed energy during the
compression should also be considered in the WVSN con-
text. Therefore, a mathematical model is needed in order to
predict the consumed energy by our encoder. In [6], the au-
thors propose a power-rate-distortion (P-R-D) model which
is widely used to estimate the consumed energy during the
video compression [7, 8]. However, in [9], the authors high-
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light that their analytical approach described in [6] cannot be
easily extended to other video encoders such as H.264/AVC
standard. Hence, they propose an operational approach for
off-line energy consumption analysis and modelling which
can be applied to generic video encoders. It relies on the con-
sideration of the parameters that are responsible of consuming
more or less energy during the video signal compression. In
our case, the amplitude resolution that is controlled by the
quantization parameter (QP) and the temporal resolution rep-
resented by the FR are considered both.

Therefore, in this paper we develop an energy consumption
model for an H.264/AVC intra-only video encoder consid-
ering the QP and FR parameters. Intuitively, one can say
that the energy decreases when lowering the FR. The same
behaviour is expected when the QP is increased. However,
the important question that we are trying to answer in this pa-
per is: How does the energy decrease when only intra-image
coding is used? The answer will help to model the consumed
energy by any H.264/AVC intra-only mode based encoder,
and will further allow us to optimize the consumed energy in
WYVSNs [2].

2. PROPOSED MODEL

In order to model the consumed energy during the video sig-
nal compression, extensive tests, using four different CIF and
QCIF video sequences encoded at 14 different QPs and 10
different FRs, have been conducted using JM18.4 implemen-
tation of the H.264/AVC video coding standard in its baseline
profile. For accurate measures we do not use the frequency se-
lectivity based bit rate adaptation neither the FMO [2]. Hence,
we use the classical JM18.4 implementation. In addition, we
control the running of the encoder in order to be in a real-time
fashion and make it the only executed process in one micro-
processor.

The consumed energy for processing can be modelled as pre-
sented in [10] as a function of the the number of clock cycles
by:

Vad  Neye
EProc<N) == Ncycctotalvd2d + Vdd(IOGWVT )(Ty) (l)

Where Ny is the number of clock cycles, Ciorq is the aver-
age capacitance switched per cycle, V4 is the supply voltage,
1y is the leakage current, f is the clock speed, Vr is the ther-
mal voltage and n a processor dependent constant. On the
other hand, since:

NC1 C
TpProc = fJ 2
then,
Ncyc = TProcf (3)

Where 1T'p,. is the processing time, which is the encoding
time in our case returned by the encoder.
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Fig. 1. Normalized consumed energy for QCIF tested se-
quences

2.1. Modelling the consumed energy as a function of QP

Fig. 1 illustrates the behaviour of the normalized consumed
energy during the video compression of the tested sequences.
We can notice that the energy decreases slowly when the QP
is increased. This can be explained by when increasing the
QP value, the quantization becomes more severe, generating
macroblocks with more null coefficients. Consequently, the
energy consumed during the CAVLC entropy coding is de-
creased. The only difference between the CIF and QCIF se-
quences is the amount of the consumed energy, but the shape
is the same for both resolutions. Actually, Fig. 1 shows the
behaviour of a reduction factor that is QP-dependent. We
name it a(QP). This factor reaches its maximal value of 1
at QP = QP,,;», = 0, then slowly decreases while the QP
increases. Based on the above mentioned arguments, we pro-
pose to model «(.) as follows:

a(QP) =2 — exp(a x QP) )

Where a is a content-dependent coefficient obtained by min-
imizing the root mean squared error (RMSE) between mea-
sured and predicted data. As shown in Fig. 2, the proposed
model in Eq. 4 can predict the reduction factor a(QP) ac-
curately. We were curious about the behaviour of «(.) using
the inter-prediction mode (i.e GOP IPPPP), and hence take
advantage of the temporal correlation that characterizes the
video signal. Fig. 3 presents three results. The first is that
the consumed energy by the compression decreases differ-
ently from one mode to another (compared with Fig. 1). The
second is that there is a significant difference from a sequence
to another (Fig. 3 (b)). This is due to the inherent quantity of
motion in each sequence. The third is that using inter-image
prediction consumes much more energy (Fig. 3 (a)). Similar
results are reported in [S] where the authors ran simulations
on Stargate nodes.
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Fig. 2. Measured data and its approximation using the pro-
posed model in Eq. 4
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quences

2.2. Modelling the consumed energy as a function of FR

The FR is the second factor that we consider to predict the
energy consumption of our video encoder. We can change the
FR in the JM implementation of H.264/AVC by varying of
the parameter named Frame Skip (FS). The relation between
these two parameters is given as follows:

FR’HLG(L‘

FR 1-1
Where F' R, is the maximal FR allowed, and [.] is the ceil-
ing function.

Fig. 4 presents the measured normalised energy while vary-
ing the FS. As can be seen, the energy consumed decreases
when increasing the FS and thus decreasing the FR. This can
obviously be explained by when reducing the FR, the FS is
increased and hence less frames are encoded leading to a con-
siderable reduction of the consumed energy. Note that the
F Ry,qz of the tested video sequences is 30 fps and using Eq.

FS=] ®)
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quences

5 one can deduce the tested FRs. Also, we notice that the in-
crementation of the FS by one reduces the energy by about
the half and so on, which is an obvious and expectable be-
haviour. Similar to the previous subsection, we obtain the
same behaviour for CIF resolution but the amount of the con-
sumed energy is larger. In fact, Fig. 4 shows the behaviour of
a reduction factor that is FS-dependent. We name it 5(F'S).
This factor actually reaches its maximal value of 1 at F'S =
F'Spin = 0 and quickly decreases toward its minimal value
at 'S = FS,4: = 29. In addition, this factor does not
attain the zero value since there is at least one frame to be en-
coded. Based on the above mentioned arguments we propose
to model f(.) as follows:

1
B(FS) = oFs T b (6)
Where b is a content dependent parameter obtained by min-
imizing the root mean squared error (RMSE) between mea-
sured and predicted data. As shown in Fig. 5, the proposed
model in Eq. 6 can model the reduction factor 5(F'S) accu-

rately.

2.3. The global model

The maximal energy consumed during the video signal en-
coding is reduced by a QP-dependent reduction coefficient
then by a FR-dependent reduction coefficient. Hence, the
global model of the consumed energy during the video sig-
nal encoding is given by:

FRmax

E(QP,FR) = R

Epax x a(QP) x B([ -1
Where E,,,, is the maximal energy consumed during the
video signal compression that is reached for the couple
(QPpmin, FRymaz). FEmae depends also of the micropro-

cessor that runs the encoder. This model can help to predict
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Fig. 5. Measured data and its approximation using the pro-
posed model in Eq. 6

the energy consumption of any encoder based on H.264/AVC
using intra-prediction only.

3. MODEL APPLICATION

In this section we apply the proposed model to our encoder
proposed in [2]. The parameters a and b are set to their aver-
age values respectively 0.0058 and 0.0921. We use a machine
with an Intel 2.93 GHz Core 2 Duo processor. The differ-
ent coefficients of Eq. 1 are available on Intel’s website [11].
The measured consumed energy is obtained by first injecting
the encoding time returned by the encoder in Eq. 3. Then,
the result is inserted in Eq. 1. The different tested configu-
rations are reported in Table 1. In this table, F'Rg and FRg
refer to the considered FR during the standby mode and the
rush mode respectively. As explained in [2], we assume that
the WVSN using the proposed encoder includes an intelligent
motion detection system. Actually, this system is responsi-
ble of commanding the video nodes to switch from one mode
to another. Therefore, we report in Table 1, the percentage
of the video sequence that is considered in each mode. For
example, the first 30% of the sequence Bus is considered as
standby mode, while the remaining 70% is considered as rush
mode. The prediction error (PE) of the proposed model for
the tested video sequences under the different configurations
is less than 6%, as stated in Table 1.

For more precision, we present in Fig. 6 detailed information
about the measurements of the consumed energy by our en-
coder and the predicted energy using the proposed model in
Eq. 7 for each mode. As can be seen, the proposed model
predicts the consumed energy accurately.
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4. CONCLUSION

In this paper, an energy consumption analysis and mod-
elling of H.264/AVC intra-only mode based encoder dedi-
cated to WVSNSs is presented. Throughout our analysis, we
show that the consumed energy during the compression is
in fact the maximal energy that is reached for the couple
(QPrin, F Riax), which is reduced by a QP-dependent co-
efficient, then by a FR-dependent coefficient. In addition,
we compare the energy consumption of the intra-only mode
against the inter mode (i.e. GOP IPPPP) and prove the energy
efficiency of the first mode. Hence, combining this mode to
energy efficient transmission schemes can save considerable
energy in a video sensor node. Finally, the proposed model
is applied on our encoder under different configurations (i.e.
resolution, QP and FR). This model provides accurate predic-
tions with an average error of 4%.
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