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Sparse Random Projection Compressive Data Gathering
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Abstract Compressed sensing is considered as a promising data sampling and compression technology
compared with the traditional transformed based data compression technology. Existing research
results show that compressive sensing based data gathering approaches can reduce network
communication costs and balance network energy consumption in wireless sensor networks.
Although many existing approaches have been proposed to reduce data transmission cost and
balance network energy consumption in wireless sensor networks, these approaches mainly focus
on reliable wireless sensor networks. That is, no network packet loss occurs on the network links
between all sensor nodes. However, the experimental results of real sensor network system show
that the network packet loss is a common phenomenon in wireless sensor networks under network

packet loss retransmission mechanism. Unfortunately, our experimental results show that the
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recovery data performance of these approaches would be disturbed severely by the network packet
loss during wireless sensor network data gathering. Even if there is a small amount of network
packet loss on wireless sensor networks, the recovery sensory data of the traditional compressive
sensing based data gathering approaches will be still arbitrarily bad. To make compressed sensing
meet the data gathering requirements of lossy wireless sensor network, we propose a sparse random
data gathering approach with packet loss consideration. Our proposed approach can effectively cope
with the impact of network packet loss on the recovery quality of sensory data in wireless sensor
network data gathering. In our approach, we mainly exploit two aspects of techniques to achieve
the robustness of sensory data in lossy wireless sensor networks. First, unlike the existing random
sparse projection approaches, we design our sparse projection matrix according to the network routing
in wireless sensor networks. Our designed sparse projection matrix can effectively reduce the
damage of gathered measurements caused by packet loss during wireless sensor network data
gathering. Second, in order to satisfy the conditional requirements of compressed sensing theory
for sparse projection matrix and sparse representation basis, we design a low-coherence sparse
representation basis with sparse projection matrix constraint. In other words, our designed sparse
projection matrix and sparse representation basis guarantee that the sensory data can be recon-
structed successfully even if some packets are lost during wireless sensor network data gathering.
Meanwhile, we present a sparse representation learning algorithm by the historical sensory data,
which satisfies the low-coherence between the sparse representation matrix and the sparse projection
routing matrix. Furthermore, we also give the corresponding distributed data gathering
algorithms of our approach in wireless sensor network. The experimental results of real network
data show that the sparse representation basis obtained by our proposed representation base
learning algorithm can compress the network sensory data effectively, the proposed joint sparse
projection data gathering approach can recover and reconstruct the sensory data accurately, even
when the network packet loss rate is up to 20% in wireless sensor networks. At the same time,
the simulation results also show that the proposed scheme can effectively reduce network energy
consumption compared with the existing compressed sensing data gathering approaches in
wireless sensor network data gathering.
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1. P,<rand( ); //generating a random value (0,1)

TCHE R/ s 3%

FI 38 N7 R R 5 43 5 i i A A ]

2. if (P,<<P)) {
3. sampling z;;
4. y;=¢;x;; //calculating the compressed value
5. s_id=1i;
6. send (y;, s_id) to the next hop node;
7.
8. else
9 sleep( )
B]iE 3 MRS 51 BRI G R 0.
1. if (received (y;.s_id)) {
2. sampling z,;
3. y;=yiT¢yx,; //calculating the compressed value
4. send (y;, s_id) to the next hop node;
5. )
Bk 4 LA SBURWERE.
HIA: @ Woeu sen s AP
W x

P,<-0; //initializing measurement matrix

y<=0; //initializing measurement vector

dof{

if (received data packet (y;. s_id)) {

y<yis )

} until the round timeout;
O=P,(®Y;

(se)=1fun_CS_rec(@,y); //CS recovery
x=Ws;
Ps=|[P,|/N;
if(e>e ) {
Ps=Ps+AP;

1
2
3
4
5. Po<s_id;
6
7
8
9

10.
11.
12.
13.
14.
15.
16.

broadcast Ps to all sensors; )
else if (e<ley) {
Ps=Ps— AP;
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17. broadcast Ps to all sensors;
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(B A" RE X J% 0 BR  1EA 7 A 250K A2 DU 42 85 B ds
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Background

Compressive sensing (CS) based data gathering is con-
sidered as a promising approach to reduce data transmission
cost and balance network energy consumption for large-scale
wireless sensor networks (WSNs). Existing work mainly
focuses on applying CS on reliable WSNs, which can be
grouped into dense and sparse projection based data gathering.
However, existing reliable CS based data gathering
techniques cannot meet the requirement of error-prone sensor
networks, because the packet loss would damage the CS
measurements which could result in arbitrarily bad recovery
performance of sensory data.

Due to the fact that existing efforts make the projection
matrix match routing matrix passively, which leads to too
many sensors to be participated in one CS measurement
gathering. This is reason the why packet loss would damage
the CS measurement severely. In our work, we first design
the sparse projection matrix with routing consideration, and

reduce the impact of packet loss on CS measurements.

Therefore, we design the representation basis of sensory
data, and make it satisfy both data compression and low
coherence with our proposed sparse projection matrix. Our
sparse projection data gathering scheme can meet the packet
loss during data gathering.
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