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Abstract— This paper proposes an effective sensor data trans- V-MIMO compared to traditional SISO systems. However,
mission approach where virtual implementation of multiple realizing full potential of V-MIMO schemes in wireless sens

input multiple output (V-MIMO) cooperative communication is i iCi i i istri e
jFLQJdicioust integrated with IJ_'Qoint distributed compression and networks requires efficient integration of distributed eom

Recursive Least Squares (RLS) based adaptive signal process pression algorithms with V-MIMO architecture. This paper
ing. Both space-time block bodes (STBC)r and Vertical Bell proposes such an integrated design for V-MIMO based sensor
Laboratories Layered Space Time (V-BLAST) architecture are systems. In particular, it integrates distributed comgimsand
considered for energy efficient virtual MIMO Implementations.  adaptive signal processing with V-MIMO architectures and
The energy efficiency of the integrated system is analyzed for ayqjuates the resulting performance.

different transmission distances and channel conditions. The . h .
numerical results show that, beyond certain transmission distare A scheme that exploits the inherent spatio-temporal carrel

thresholds, the proposed integrated scheme offers significant tions among sensor data in a distributed network to compress
energy efficiency compared to previously proposed systems. Wesensor data before transmission was proposed in [4]. While
also show that this lntegrated approach is very effective in hlgh% this can be applicable to most wireless sensor network data,

correlated multimedia data based wireless sensor networks. ; ; ; ; ;
particular, it can be ideal for networks based on prioritized this may be particularly useful in the case of image or video

transmission of wavelet transformed image and video data. data based sensor networks. In this paper, we propose a
modified adaptive correlation tracking technique based on
I. INTRODUCTION Recursive Least Squares (RLS) algorithm that provides im-

o ) ) _ proved energy efficiency compared to the previously progose

Large-scale, energy efficient and inexpensive wireless s&theme. Moreover, we propose a new method of computing
sor networks are finding new applications in various fieldencoding information based on a Gaussian approximation
Some of these include, for example, industrial plant momvhich seems to perform better at larger transmission distan
itoring, biomedical applications, survivor detection aret compared to the method developed, for example, in [4]. For
mote surveillance. Many of them may involve multimedianultimedia sensor networks, we introduce wavelet tramsfor
data processing and analysis under resource-constréants based prioritized data transmission.
example, in video/image sensor based remote surveillance)A network model with a data gathering node (DGN) and
Thus design of economically and technically feasible large collection of sensing nodes is considered. The DGN is
scale multimedia sensor networks on distributed platfoisns assumed to be less energy-constrained compared to thegensi
an important research area. Content-rich video and audé daodes. Most of the complex processing are thus carried out at
can be efficiently processed and communicated utilizing theghe DGN resulting in better energy efficiency at the energy-
characteristic properties. For example in [1], a multepty constrained data collection node level. Our results obthin
video partitioning scheme that enhances the multimedia-cajnder different channel conditions over various transimiss
bilities of code division multiple access (CDMA) systemsswadistances, demonstrate that with a judicious integratiothe
proposed. Those techniques can be applied in video surveiteposed distributed compression techniques with V-MIMO
lance sensor networks allowing different sensors to transrarchitecture, both the number of sensor transmissions and
different prioritized video streams to a base station wiégh the required signal energy per transmission can be reduced.
resolution video data can be retrieved after applying oertaMoreover, we demonstrate the effectiveness of our tecleniqu
signal/image processing techniques. Some of these mali@meon real sensor data and multimedia data such as images.
applications in sensor networks have been addressed, foThe rest of this paper is organized as follows: In Section
example, in [2]. But many of these networks consist of bgiter|| we introduce the V-MIMO architecture and the proposed
operated sensors with small physical dimensions introdugtegrated design followed by an energy consumption arsalys
ing strict energy constraints into the system. Thus energSection Il provides numerical results based on real sensor
efficiency is one of the important design objectives in suafiata. Conclusions and future research ideas are summarized
networks. in Section IV.

Dual antenna-array MIMO techniques have been shown
to offer significant performanhce ijmpr%verrk1ent.<,I ig Wirelelss [I. PROPOSEDINTEGRATED SENSORSYSTEM DESIGN
communication systems. But their drawbacks include cormp o
receiver circuitry and signal processing requirementselsas A. System Description
large physical dimensions to accommodate multiple antgnna Note that, while recently many virtual MIMO schemes have
thus increasing the power consumption at the circuit levdleen proposed for sensor networks [3], [5], here we primaril
The recently proposed Virtual MIMO (V-MIMO) conceptconsider STBC and V-BLAST based communication. For
allows realization of MIMO communication in wireless sensosimplicity, we will consider a 2x2 MIMO system since gen-
networks with single-antenna nodes via the so-called loaaalization to higher order MIMO systems is straightfordiar
communications among sensor nodes [3]. Still V-MIMO main [3], [6] the concept of sensor cooperation was introduced
require complex circuitry and augmented transmissionirequ to achievevirtual MIMO communicatiorwith single-antenna
ments. Another approach to improve energy-efficiency is tlsensor nodes. In a virtual MIMO scheme, the nodes that are
distributed data compression. Till now, many researchave h close to each other form a cluster. Each node associatéfs itse
concentrated only on demonstration of energy efficiency wfith at least one pre-determined cluster. In the case afiadirt



STBC (V-STBC), all sensors within a cluster need to shawehere
their information (via so-called local communication) irder W
for a cluster to form a virtual multiple antenna array. Once ¢
this is done, each sensor node in a cluster acts as an antenna,
element of a centralized array and the formed virtual argenn =

array (VAA) space-time block encodes the cluster data th () () P -
is to be sent to the DGN. The local communication withi do‘ll s and; s are the weighting coefficients. We choose

- ot e ; filter coefficient vector in order to minimize the weigite
the cluster may be implemented using time division mualI% e e LS :
access (TDMA). We assume that unlike sensor nodes, tESt sq(tj;)are_ls_herror_twhere Iﬂ(edmtlor:he;r(l)r 'Stg'Ve”@W i
DGN can accommodate multiple antennas which enables the . & 'vectgp’atl ti'%é”?s' icg‘r’]"% at least-squares Titer
system to achieve true MIMO capability with local com- 9 y
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munications only at transmitter side. Transmission of telus 09 (k) = (RD) (k))~! @ (), @
data from a VAA to the DGN is known as the long-haul - e _ .
communication. where R (k) and ) (k) are the exponentially weighted de-

. . terministic autocorrelation and cross correlation of détax).
If virtual V-BLAST (VV-BLAST) is assumed for cluster The above filter coefficient computation can then be performe

data transmission, in contrast to the V-STBC, local communidaptively using the following recursive least-squaresR
cation step may be avoided at both ends. But, since all Virtuggorithm:

antenna elements of a VAA requires equal length data for ) ) ,_ ) ,
virtual BLAST implementation, this may not be always true 05, =09 (k+1) =09 (k) + g (k+1) e}, @®)
(for example in case of distributed compression). Howev here 4 (x + 1) is the gain vector [7]. The RLS algorithm

we can overcome this problem via a variable power contrg] ;.= 5. ; .
; : : 2 ; 15 initialized by assuming that each sensor transmitsvan
strategy in which successive VV-BLAST is executed starti oded data samples at the beginning.

with the lowest sensor data length among all the sensors . L : :
the cluster. For example, if a network has 3 sensors e he distributed compression is performed as in [4] assumin
ie

having 100, 200, and 300 data symbols respectively, to éotﬂﬁﬁ% '?oatﬁ%dﬁgg%'@‘:é’éﬂre"r%'é té’ "é‘gﬁseé‘rs%se qu;é]%DG
t

sent to a DGN, then 3x3 VV-BLAST is implemented first tdits to represent an bit reading produced by the-bit ,

transmit 100 data symbols where all the sensors participa@nverter. Note thatx, ;) is the encoding side-information the

D B B e s i et D ot ok e

100 symbols via 2x2 VV-BLAST, and finally thg"* sensor ~<'. Al : A

transmits its last 100 symbols via SISO to DGN. Here aff, JVen by2i=2a where A is the quantization step of the
converter. In [4], the followmg expression for commgi

the sensor nodes and DGN are assumed to be in per A ;
synchronization along with data symbol length knowledde ( encoding information was developed by bounding the

ili i _ €] i(k,j)—1 i
course we could also usex 3, 2 x 3 and1 x 3, respectively, if %robablllty of de)chdmg errow. = » ('ek | > 2t A) using
the DGN has a fixed number of antennas). When the systdf§ Chebyshev's inequality
delay is a major concern, the above power control strategy 1 o2,
is more effective compared to V-STBC based communication i(k,j) = 3 log, ( <) ) +1.
since delay incurred during the local communication step
can be avoided. This strategy is advantageous under certdwever, (4) can be very loose leading to over estimating
channel conditions and beyond certain long-haul transamss ;(x, ). In this paper, we propose a tighter expression by assum-
distances as can be seen from our results. ing that the prediction errof’ is Gaussian distributed with

We employ a modified version of the adaptive correlatioff€an zero and variance,, . This error model leads to the

tracking-based distributed coding method developed in [#llowing new expression for the encoding side-informatio
to achieve data compression. Basically it is a source-gpdin .
scheme with side-information. For example, in a networlwit ) | (Ue;"’ Q (Pe/2))

ik, g = ogy | —————— | +1

Azp, 4)

each cluster having two sensor nodes, one of the sensors A ®)
(called the reference sensor) of each cluster always sénds i
data uncoded (or compressed only with respect to its own pas . . . .
data). The DGN keeps track of the inter-sensor data coiwalat AS We Wwill see in numerical results, the above Gaussian
structure and provide the other sensor with this infornmatio@PProximation performs better than (4) in most situatidiie
Then, the second sensor can compress its data with res decodes the actual sensor reading by using.the)
to its own past readings and that of the reference sensdites transmitted by a sensor in conjunction with knowledge
readings, based on the sensor data correlation informat@nthe common codebook structure [4]. Note that, at the
provided by the DGN. Thus, each sensor can compress §f3d of the training period, the DGN initializes the predioti
data without any inter-sensor communication. Howevergon€/Tor variance as?, = g1 5 |¢;”*. In order to keep
we implement this scheme in conjunction with V-STBC, th&p With the time-varying nature of the sensor data it then
inter-sensor communication inside a cluster is requireat Badaptively updates the prediction error variance in a é@eis
now the communication energy required for this is minimalriven mode. o ) .
since it is performed on the compressed data. Note that it ish integrating the above distributed compression algorith
also possible to compress this shared data again at eaar sewgh virtual MIMO communications, we assume that the DGN
before the transmission, though we do not consider that hepgoadcasts the encoding information periodically every.
The DGN computes the required encoding informatiogﬁ?r%gdg[oiﬁcgfenSa%rdt2%%%?$gr?ﬁgasﬁlsgn;%efeV\g:Pégm
using a linear predictive model. if,” is the observation of Tp,s”in the case of V-STBC, the local commun?cations are
%%ﬁoirg_ at time k, then the prediction for”” computed at hoformed periodically once eveny.... Note that, since DGN
: broadcasts the encoding information every node knows the
encoding information(x, j) of all the other nodes in its cluster.
After the local communications, each sensor demodulates th
v = 09T (k)29 (k) () received data symbols and re-combines them into a single



stream of data ensuring same symbol streams at all sensorg.or both V-STBC and VV-BLAST, the total circuit energy
Now the nodes in a cluster are ready to perform space-timensumption of a cluster during long-haul communication ca
block coding as elements in an antenna array. In practit® given as r{*°"9 ~ (Ppac + Pmiz + Pfitt + Poyntn) X Ns .
however, channel errors during the local communicationg mé&he total energy consumption per bit for a cluster during the
result in unequal data streams at sensors leading to eﬂ[mg-hzzul communication is then approximated ag°"s =
propagation during the long-haul communication. Howeverg 4+p5°"9 . Here pp, is computed assuming that d;...,,

Egltse ?gplgceam'g;;nrﬁfrﬂcg){ioenﬁsu”ng a sufficienty small errQX/herebdm,g is the distance between the cluster and the DGN.
Throughout this paper, we assume M-QAM modulation f ote that, throughout this paper, we assume that the DGN has
both local and long-haul communications. In practice, M2EITeCt knowledge of fading channel coefficients. It shdd
) pd1oted that, in the case of VV-BLAST with power-contral

QAM implementation may require few extra tail bits to b . .
; nges with the number of data samples to be transmitted.
added to the sensor data bit stream (so that the total numbe & will use the notations*"s — g5 for V-STBC andg?? »

bits is divisible byb ( =10g, )). The number of tail bitgv,c) » p VV-BLAST
added at each sensor can be determined by its correspon uring the system training alk,, samples of each sensor

encoding information. It should be noted that the propos%qe sent to the DGN uncompressed either using V-STBC along

block local communication of once every.. seconds helps €. L .
; 1 hite e : h local communications or using VV-BLAST. Th h
reduce the number of required tail bits thereby reducing tPt{gttal gr?grgglorequuiregalt‘gr tsra?nirllj; b?/ M sengor no;:é tofe

extra energy spent anp ¢ tail bits. For improved performance, A .
we also consider variable-rate MIMO communication in whicgf?gftsrs'.srgé ;néE’;TW-L + ’?}Zigﬁv:‘) XN e 1 thien o
- 1 I i I i 1 - = - n s tr

fgﬁgma%ﬂ\r/'aﬁg%?égli?g%?stsa{ﬁie'sié])_pt'mlzed with respect tcase of VV-BLAST, wheren is the bits per sample without

In a virtual V-BLAST based system, each sensor compres tpressr;on. le instart the DGN broadcast di
its data and variable power control strategy explained aboy /' €ach sampié insta el roadcasts encoding
is implemented with the M-QAM modulated symbols. Sincdlformationi(x, ;) of all nodesgfvnhm a cluster. Singg:, j) < v
cluster radii are supposed to be small, we assume that thk IgE!S €qUIréS a maximum OwN. x log,(n) bits. Let L be the
communication in a V-STBC based system is over an AWGH{t@ number of samples collected from each sensor of a
channel. The long-haul communication, however, is assum If;ster. Ifr is the number of times a cluster receives encoding

; ; ; 2 ormation updates from the DGN during correlation traucki
g)nge\/?/\_/g_i;ﬁyle'gh fading channel in case of both V STBt en the total number of samples= v, + r x Ng.. Since after

each update the sensors accumubate. data samples before
B. Energy consumption analysis transmission. The total energy consumption of all sensbas o

GeneraII?/ speaking, the two main power consumption corluster in receiving the encoding information can be coragut
ponents along a signal path are the power consumed &f E"* =r x E{° x log,(n) x NZ . Since we are only concerned
all power amplifiers %».) and the power consumed by thewith the energy spent by the data collection sensors, in this

L s . (Locry)
circuit blocks of sensorsr() [3], [5]. The P-4 term can be caserr is computed agc )
approximated as in [3] R, . .

We assume that, during correlation tracking, local and4ong

Pra = (1+0a)Pou ®  haul communications for V-STBC and long-haul communi-
wherea = ¢/n — 1 with , being the drain efficiency of the RFcations for VV-BLAST are also performed times, once
power amplifier and-peak-to-average ratio (PAR). If M-QAM in every 7x... In case of V-STBC, the total energy con-
is used, ther = 3-2v21+1 [5] The transmit power,,, can Sumption for transmission of compressed readings by all the
be determined as: sensors of a cluster to the DGN can shown to bg-m» —
(Efuml +E§S) YN Sk, 41 i(kg) . Note that according to
our implementation of VV-BLAST, the order of the BLAST
whereyq, », E;, and g, are the transmission distance, the signaicheme decreases as sensors with less number of bits to send
path loss parameter, average energy per bit required foexhaust theirs. As a result initially a cluster transmitshvn
given bit-error-rate (BER) specification and the systermmdig#, N, x N, BLAST, then with anN, — 1 x N, — 1 BLAST and
respectively. For details of the constalrit we refer the reader so on. Finally the sensor with the largest amount of data may
to [5]. We may computeg, using the standard expressionsave to send its remaining data via SISO. Let us denote by
given, in the case of V-STBC, in [3], [5] and, in the case of" = Ng.. i (Ni, + (m — 1)Nre. + 1,5) the total number of bits-
VV-BLAST, in [6]. th sensor has at the beginning of theth transmission block

For V-STBC, sensor circuit power consumption to broadcaftr » = 1,...,». Assuming that sensor indices are ordered in
its data during local communications within the cluster isncreasing order of number of bits, thef°~» for VV-BLAST
BT x Ppac + P + Pruc + Puyar. Where the terms areis given by poomr = sor SN jplPd (sp - s%,_,)
the power consumption values for the D/A converter (DACyhere we have definest” — o for all m. : :
the mixer, the acti_ve filters at_the tra_ns_mitter Side_ an_d theWe also need to consider the energy spent on tail
frequency synthesizer, respectively. Similarly, sensotuet pits included in mapping to M-QAM. For V-STBC, talil
power consumption in receiving the broadcasted data frafits added during local and long-haul communications are
gther ienso}r)s of Itjhe CEStervlfhgr“éetpnebt%rm?arz thsénﬁlz)\fver Npert = S Ne S r = [NRee i(p Nree + Ner 4+ 1,5)] mod log, M and

LNA+Pmiz+Prra+Priir+Pabpc long  _ r—1 Ns ; ° ,
consumed by low noise amplifier (LNA), the intermediat%?v”c = 2320 ([Nnce 2% il Nice + Nir +1,5)] mod log, M),
e S - espectively. Hence, the total energy spent on tail bithan t
frequency amplifier (IFA), the active filters at the receisefe o i ot : :
] case of V-STBC is given byr#=tre = glLocel i Nlocal L BLS
and the A/D converter (ADC), respectively. lons  For VV-BLAST. this i ted inth :
The total energy consumption per bit (at a node) for locdipe’ « TOr VV- » (IS 1S computed as in the previous

communication in V-STBC can then be estimated a&:« — _paragraph.
(Locp

PpatPE T L (N0 PG e b s the system bit rate C. Integrated System Efficiency Analysis

. Ry, R . .
and v, is the number of sensor nodes in a cluster. In this The total energy consumed by the proposed virtual MIMO-
case,pr, is computed assuming that= 4..., whered,.. is based system in collecting all samples from allV, sensors
the distance between any pair of sensors in a cluster. of a cluster isgTote! = gTr 1 gRey gComr  pPotra \We evaluate

Pout = Ci1d"EyRy, )




Total Per Bit Energy Consumption (in uJ) of Proposed Scheme and Reference Systems with Optimum Constellations
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Efficiency of V-MIMO W.R.T. SISO (both with compression) (%)
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= = 1) (4-QAM for V-STBC With Compression, Chebychev Bound)
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the energy efficiency of the proposed system with respect 4 1 (-QAM for V-STBC Wih Compresion, Gaussian ) o
three different reference systems. First is a system whiere ® LI QAN CSTR0 W Compresson, Saussen e
sensors send their readings to the DGN uncompressed (i
SISO with no compression). In this case, the total ener( | e 3K based si50win Compreesion Screme
consumption of the system is given by,?¢/* = 1 x ES7SO x 2 Clusters with 2 Sensors Per Cluster

N, x (n+n mod log, M) Where g575° s the per bit energy of (2x2 -4} g
SISO in Rayleigh fading. Note that, in this cage= p.">°T=)

and Py, is computed withs = d,,,.,.

The second reference system is one in which all senst ,|
encode their readings using the proposed RLS-based ¢ , )
tributed compression algorithm but has no virtual tran@mit = | e—es" VAR
or receiver diversity (i.e., SISO with compression). Irstbase  °f AV )
the overall energy consumption of the system can be giv jf .
as ERef2 = gComr 4 SISO y (N, xn x N, + NSISO) | where  l----". Lo ‘ ‘ ‘

0 30 40 50 60 70
BCome = IS0 vk 3 Nei(k,5). Not that, here we also ransisSion Disance g n Meters
assume that the sensors combing. samples after each time _ »
they receive encoding information from the DGN. Fig. 3. Energy Efficiency

The third reference system is one having virtual multiple
antenna clusters but no distributed source coding (i.e., V-

MIMO without compression). The Eotal energy consumptioBompression schemes, respectively. Moreover, VV-BLAST-
of this system is given bys/ = (Bf°e! + Bf") x N, x L x pased proposed design also has better performance compared
(n 4 n mod log, M) . - . to both SISO with and without compression schemes for
We define the energy efficiency, of the proposed in- rejatively largedy,,, transmission distances. For example,
tegrated system with respect to any of the above referengg.g| AST outperforms SISO with compression fat >

i 9
Effciency (%)
5
7

schemes agy, = 25L2E7  100%. 330m (both with optimal M-QAM). It can also be shown that,
if x > 2 these critical transmission distances at which the
Ill. EXPERIMENTAL RESULTS proposed schemes outperforms the reference schemesseduce

A network with a single DGN and two clusters, each withlrastically (for example, with = 3.5 and BPSK modulation,
a pair of equi-distant sensors, is considered as the siimnlatboth V-STBC-based and VV-BLAST-based schemes seen to
test-bed. One of the 4 sensors is assumed to always acts asitaerform SISO with compression scheme for ab@im).
reference sensor. For V-STBC, local communication distan8incer > 2 values are more realistic for typical wireless com-
dro. is set to 10 meters. Simulations are performed on tieunications (near-earth propagation) channels, the geipo
temperature data set used in [4] with over 10,000 samples fartual MIMO-based integrated schemes can offer greatggner
each sensor. A 12-bit A/D converter with a dynamic ranggavings for reasonable transmission distances. Note laddp t
of [-128,128] is assumed. We also assume tNat = 65, the V-STBC-based proposed scheme with optimal M-QAM
Nge. = 20 and perfect feedback of encoding information fronperforms better than VV-BLAST-based design unlégs,, is
DGN to the sensor nodes. All power-consumption parametegry low. However, it can be shown that when the transmission
values are the same as in [5]. delay is a major concern the VV-BLAST may be a better

Figure 1 shows the per bit energy consumption of thehoice even for large long-haul distances [6].
proposed and reference schemes as a function of the trandn Fig. 2 we have shown the per bit energy consumption
mission distancedr,,, for x = 2 with both BPSK and comparisons based on rate-optimized systems in a channel
optimal M-QAM constellations. If minimization of per bit with x = 3. Figure 2 shows that, although at very small
energy consumption is considered as the performanceigritertransmission distances the SISO with compression scheme is
then, the BPSK modulated proposed V-STBC-based integratestter than both proposed integrated designs, for reakonab
design has better performance beyead 65m and~ 325m large distances they significantly outperform the SISCeHas
compared to that of SISO with no compression and SISO witlesigns. Moreover, despite being slightly inferior to VV-



Original Man Image B e Toanamies data without any prioritization. Our comparison of achive
energy efficiency values of V-STBC and VV-BLAST based
multi-priority wavelet transmission schemes with respict
this SISO-based reference system revealed that at lowgr lon
haul transmission distances the VV-BLAST based prionttize
wavelet coefficient transmission scheme has better energy-
efficiency compared to that of a V-STBC based corresponding
scheme whereas as distance increases the gain of V-STBC
B2 -BLAST~ Only Lat 2nd & 3 22 VYBLAST - Al Mullpriorly becomes better. In Fig. 4 we have shown the simulated man
W = 1B images reconstructed at the DGN by combining different
multi-priority wavelet streams received from differennhsers.

50 100 150 200 250

IV. CONCLUSIONS

In this paper, we proposed energy efficient, integrated
- Far ‘ sensor network designs based on virtual MIMO and distribute
Reconsmuctedmags * econsiucied mage source coding with RLS-based adaptive signal processipg. B
developing a detailed energy analysis method and using real
Fig. 4. Man Images at the DGN with Wavelet Based Transmission sensor data, we showed that the proposed integrated designs
can offer significant energy savings beyond certain long-ha
transmission distances. We also proposed a new side encod-
ing information computation method based on a Gaussian
‘Tor approximation. This new method was shown to further
#Aprove the achieved energy efficiencies of the integrated
system designs, particularly at large transmission distsn
proposed distributed compression scheme assisted by

BLAST-based scheme at very low transmission distances,
STBC-based proposed integrated design has the best pe
mance out of all the schemes beyond ab&un. Similarly,

in the case of no compression systems also V-STBC-ba

design has the best performance out of the three considejigd R S_pased adaptive correlation tracking is effective i

systems. However, it should be mentioned that variable-ral,|oiting high data correlations present in sensor nekaior
QAM systems as in Fig. 2 require complex circuitry at sensgj

nodes, One way to reduce node design complexity is to.qgf)reover, we have verified (this fact was shown before, for

b-optimal fixed dulati A ample, in [6]) that the the energy gains of virtual MIMO-
a sub-optimal fixed-rate modulation. For instance, nunaerig,5seq schemes becomes more pronounced as channel path loss
results have shown that in a channel with= 3, 4-QAM

exponent increases. Overall, our results show that theogemp

modulation may provide reasonably improved performangge ; ; ioation i
. grated designs based on virtual MIMO communication is
over a SISO system with both V-STBC-based and VV'BLAS-Eaﬁviable choice for cooperative networks with single-anten

based proposed schemes. . sensor nodes. Finally, we proposed a wavelet-coefficieseda
_Figure 3 shows the energy efficiency performance of SUgh\iti-priority image transmission scheme for a sensor net-
fixed-rate,2 x 2 V-STBC-based proposed integrated systeMgork designed with our proposed integrated virtual MIMO
with respect to a fixed-rate BPSK system. In Fig. 3 Wenq distributed compression. Numerical results showet tha
have shown the efficiencies achieved with previously prenis priority-based transmission scheme can offer sigific
posed Chebychev bound based and our proposed Gausgigérgy efficiencies with reasonable image re-construgien
approximation based methods for computing the enCOd'Fg}mance in low-power, multimedia sensor networks.
information. As can be seen from Fig. 3, the propose
Gaussian approximation seems to provide somewhat improved ACKNOWLEDGMENT
performance over the Chebyshev bound based method. Thighis research was supported in part by Kansas National
performance gain is more profound particularly for largegcience Foundation (NSF) EPSCOR program under the grant
distances. Of course, the reason for the inferiority of theycr # NSF32195/KAN32196.
Chebyshev bound is that it can be very loose for small error
probabilities. REFERENCES

Finally to test the performance of the V-STBC and VViy) k. Ramakrishnan, K. Namuduri, and S. K. Jayaweera, “ Igi_:t'erit%
BLAST in multi-media applications, we considered a 256x25 ¥Jdeh0 [:():ampoglrllg féjr chaob?sggOc??mmumcatlon systemsEEE Veh.
man.bin image as the sensor data. Assuming perfect regisgg\ ech. Cont,, Orando, FL, Qct. 2003.
- : L - M. Gerla and K. Xu, “Multimedia streaming in large-scalenser net-
tion and restoration process at the DGN, the original imad€ \orks with mobile swarms,SPECIAL ISSUE: Special section on sensor
can be rebuilt using the sensor image data from dlﬁerentcigthork tecbhnolz%%and sensor data managmeoit 32, no. 4, pp. 72—
sensors. At sensors, the image data are wavelet transforrg? s ecemoer : L . _

e . AT - p . K. Jayaweera, “Energy efficient virtual mimo-based @afive com-
and divided into multi-priority streams. In our simulatgn municat?(l)ns for wireless sensor networks,” 2nd International Conf.
we assumed a 4-level multi-priority division. In a traditad Iond_lntejlligeg(t) 055ensing and Information Processing (ICISB), Chennai,
implementation each sensor will be required to transmiitsll ndia, Jan - A i .

. e . J. Chou, D. Petrovic, and K. Ramchandran, “A distributed adaptive
streams to the DGN. However, in our energy-efficient deS'éﬂ signal processing approach to reducing energy consumpticsemsor
only the specific prioritized streams, that are chosen bats{g]d get\(/:vo_r 3\ |‘r]1IEGEFTdINF_(I)100l\/(lj SAanBFrﬁn'smsEco, A, flf\_/la_r. 2oo§ﬂ.”vIo
on the quality requirement at the DGN, are allowed to - Cui, A J. Goldsmith, and A. Bahai, “Energy-efficienc

. ! PP and cooperative MIMO techniques in sensor networkEEE Journal
transmitted from each sensor. In our proposed prioritizing on Selec‘%ed Areas in Commuﬁicationsl. 22, no. 6, pp. 1089— 1098,
scheme each sensor in a cluster /6f sensors is asked to  October 2004.

i i [6] S. K. Jayaweera, “An energy-efficient virtual mimo commutimas
transmit only al/NS fraction of a chosen stream. . . architecture based on v-blast processing for distributééless sensor
Note that here we have assumed a network with a single networks,” in 1st IEEE International Conf. on Sensor and Ad-hoc

cluster and a DGN. As before two sensors per cluster anﬁj I\C/Iorg;]nubnilcatiogssar;g S\Ietworks (S%COBhn? Clara, C_A,I %ct 28%.
. epolu an . K. Jayaweera, ‘Energy etliciency analgs an -

two antennas at the DCiI}I aré aSSU.”.‘ed (2x2 MIMO). The bit based adaptive signal processing algor%F_vlm for enérgy eas@nsor net-

error-rate is fixed tol0~°. The efficiency of the proposed  works” in 2nd International Conf. on Intelligent Sensing and Infotina

integrated system with wavelet-transform based prianmigjz Processing (ICISIP 05)Chennai, India, Jan 2005.

and V-MIMO, is evaluated with respect to a reference system

in which all the sensors of a cluster transmit the full image



