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Abstract. Video sensor networks (VSNSs) require extensive maation for
encoding and transmitting the captured video déta.encoder settings used by
the VSN nodes determine the encoding complexity bitidite of the video
streams. There is a tradeoff between encoding eitpland compression
performance. In order to exploit that trade-off, meve modeled the complexity
and bitrate of H.264/AVC, based on encoder settiagapeters. We also
propose a method to reduce the bitrate and contplestimation error of the
model. To verify the performance of our schemergdalatabase of real scene
videos captured by video sensor network camerases. Experiment results
confirm our model successfully estimates the VSMWgroconsumption for a
given network topology.
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1 Introduction

Video sensor networks (VSNs) offer an alternative existing monitoring
technologies [1], [2]. There are several studiegioergy consumption of VSNs in the
literature [1], [3], [4]. J.J. Ahmad et al. [4] havstudied the required energy for
encoding and transmission of video content in a6B/RVC-based VSN. The
H.264/AVC is latest video compression standard thaturrently being widely used
in the consumer market [5], [6], [7]. Authors if] fgave proposed a model to estimate
the coding complexity and bitrate for a H.264/Av@sbd VSN. In this paper, we
improve the model proposed in [8] by providing atimeel to reduce the estimation
error in the case that the motion activity capturgdhe video changes with time.

2 H.264/AVC Complexity and Bitrate M odeling

In order to mimic realistic VSN applications, wevhacaptured 20 videos using four
cameras in a public building. All videos are downpted to 416x240 pixels
resolution and 15 frames per second (fps). Fouthete videos are used as the
training set for the model, while the remainingedd are used as the test set. The
proposed model in [8] is used in our study. Thening set is used to obtain the
parameters of the model. In addition, we also eech@ first two frames of each
video sequence of the test set. However, in sordeovisequences, content may
change during a 10s video shot. In order to tatkie problem, we divide the 10s
video into a number of sub-shots and encode tlse tivo frames of each shot. The
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Fig. 1 Flow chart for complexity and bitrate estiioa error calculation
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Fig. 2 RMSE of the video test sequences (a) bi(f@tencoding complexity

overall bitrate estimation error is calculated s average bitrate estimation error
from all the sub-shots. Fig.1 illustrates the déamgrof the proposed scheme.

In order to estimate the modeling error, the ro@am square error (RMSE) of
encoding complexity and bitrate error for GOP={1428, 16, 32}M,={1, 2, 3, 4, 5,

6, 7} and the length of sub-shd&={150, 75, 60} is calculated. Note that the
complexity level of ME process (calléd,) is classified based on the used block-size
candidates in the encoding process as proposefl].imiie test set consists of 16
videos. Fig. 2 shows the RMSE of the estimatedtdtand encoding complexity for
the test sequences. It can be seen from the fipatehe proposed approach manage
to reduce the estimation error for test sequencesl.uln particular, the average
RMSE for bitrate and encoding complexity estimatisngk=150 is 26.47 kbps and
428.28 millions of instruction respectively. Howeveshen we us&=60, the RMSE
for bitrate and encoding complexity estimationedguced to 18.57 kbps and 120.55
millions of instruction respectively.

3  Power consumption estimation
We assumed that there are four video nodes thdbeaed at the same distante
from the sink. The power consumption for encodiRg) (©f a VSN node can be
estimated as:
fr [T
P.=— Y C, [CPI [E,
N = (1)
whereC;' denotes the estimated encoding complexity foii-iesub-shotCPI is the
number of CPU cycles to perform one basic instanct, is the energy depletion per
cycle,fr is the frame rate of the videN,is the number of frames in a video sequence,
andk is the number of frames in a sub-shot. The trassiom power consumption is
modeled as:
fr (N/kw .
R="Y (o+pm)n,
N = (2)
whereL;' is the estimated size (in bit) of the encod®dsub-shot,a is a constant
coefficient related to coding and modulatighis the amplifier energy coefficient, and
n is path loss exponent. In order to estimate theeso@gower consumption, the

following parameters are used=1e-9 J/b/my, p=5e-8 J/bn=3.5, d=3m,fr=15 fps,
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Fig. 3 Node’s power consumption for (a) case Ingisest sequence 1 until 4) and (b) case 2, usstg t
sequence 5 until 8. For both cases, the GOP s&ighi$ andk=60.

N=150 framesk=60 frames, CPI=1.78, ar.=1.215e-9 J/cycle. Fig. 3 shows the
nodes’ power consumption for two different sceraria the first scenario, the nodes
are assumed to have the video test sequences. Dt the other hand, in the second
scenario the nodes are using the video test segsi&nio 8. The GOP size is set equal
to eight, while theM, is set equal to four. The figure shows that bygshe proposed
model and approach we can estimate the VSN nod&gipconsumption.

4  Conclusion

In this paper, we have proposed a new scheme itmatstthe VSN node’s power
consumption. The scheme is based on using a mualkeiicorporates some important
encoding parameters. Through some adaptive schachéraining, we showed that
the model estimation error can be reduced. Usiegntbdel, we have analyzed the
VSN node power consumption. We showed that the ViStike’'s power consumption
depends on both the encoding parameters and the wiwhtent captured by the node.

Acknowledgement

This work was supported by the NPRP grant # NPR®3#2-172 from the Qatar
National Research Fund (a member of the Qatar Faiomj. The statements made
herein are solely the responsibility of the authors

References

[1] 1. F. Akyildiz, T. Melodia, and K. R. Chowdhury, “Aurvey on wireless multimedia sensor
networks,” Computer Networks: The International Journal of Computer and Telecommunications
Networking, vol. 51, no. 4, pp. 921-960, Mar. 2007.

[2] T.D. Raty, “Survey on Contemporary Remote \&illance Systems for Public Safetyjstems,
Man, and Cybernetics, Part C: Applications and Reviews, |EEE Transactions on, vol. 40, no. 5, pp.
493-515, Sep. 2010.

[3] I T. Almalkawi, M. G. Zapata, J. N. Al-Karakand J. Morillo-Pozo, “Wireless Multimedia Sensor
Networks: Current Trends and Future Directior@gyisors, vol. 10, no. 7, pp. 6662—6717, Jul. 2010.

[4] J. J. Ahmad, H. A. Khan, and S. A. Khayam, “Ejeefficient video compression for wireless
sensor networks,” presented at the Information riéeie and Systems, 2009. CISS 2009. 43rd
Annual Conference on, Baltimore, MD, 2009, pp. 62884.

[5] I E. RichardsonThe H.264 Advanced Video Compression Standard, Second Edition. John Wiley &
Sons, Ltd, 2010.

[6] T. Wiegand, G. J. Sullivan, G. Bjontegaard, ahdLuthra, “Overview of the H.264/AVC video
coding standard,'/EEE Transactions on Circuits and Systems for Video Technology, vol. 13, no. 7,
pp. 560-576, Jul. 2003.

[71 H. K. Zrida, A. C. Ammari, M. Abid, and A. Jerpd'Complexity/Performance Analysis of a
H.264/AVC Video Encoder,” ifRecent Advances on Video Coding, InTech.

[8] B. A. B. Sarif, M. T. Pourazad, P. Nasiopoulamd V. C. M. Leung, “Analysis of Power
Consumption of H.264/AVC-based Video Sensor Netwotkrough Modeling the Encoding
Complexity and Bitrate,” the 18th International @mence on Digital Society (ICDS 2014),
Barcelona, Spain, March 2014



