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Abstract Event detection is one of the most critical applications in wireless sensor networks
(WSN). For implementing the event detection task, the sensor nodes deployed in monitoring re-
gion are capable of gathering data, processing data, transmitting data to sink node and so on. For
such sensors, transmission is much more energy consuming than computation. Therefore, the
amount of sensory data communication overhead should be kept as low as possible, in order to
prolong the lifetime of wireless sensor networks and reduce energy consumption. In this paper,
an energy-efficient linear-regression-based distributed data gathering optimization strategy is pro-
posed. The linear regression model can accurately represent the feature of the original monitoring
data. Rather than transmitting measurements to another node, nodes transfer constraints on the
model parameters, drastically reducing the communication required. The theoretical analysis and
experimental results show that the proposed strategy is able to implement measurements predic-
tion and estimate with lower communication cost. The designed algorithm achieves more energy

savings and extends the wireless sensor networks lifetime.
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if Calive_node=1)//0FR5 S AFTE
broadcast(nodei,energy_currenti)
/)G A ID B R H AR
Distributed_cluster_formation() ; / /A7 75 38 57 R 5L
3. RS HEWORE L AT AR R, AL RIS 4 H] Sink

for each CH node do
{wait for receiving messages;
if (message from BS) //BS &}
update processing parameters;
else
if(message from in_cluster node)

{gather sampling data and predict data;
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sensor_Distri_Regression() ;

if (error>>threshold) fault_tolerant() ;

forwarding the model parameters to next CH; }
else

farwarding data to next CH;
}
4. FENTT SBAT RAEAT 55 9 b A% 308 3645 1
for each in_cluster node do
{if(node_state= sleep)
wait for wake_up messages;
else
if(energy_currenti=1)
sendmessage(nodei ,CH1) ;
else
energy_currenti=0;
}
5. RGO SR AR R B R S UG B
for BS node do
{ while(1)
{ wait for data from CHi;
if(received data ratio™threshold)
{send parameter to CHi;
continue; }
else

save received data;

}
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a<—confidence interval;
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Cluster_ID<—the cluster ID number of sensor nodes;
(5) W) 46 Ak B o B0 1
M=<—the basis functions matrix;
i 1 2 P ) D R TR S R0
1. WG AL HE B A, [ 2 w4 A
For(each node i) do
{A<=0; z<=0; A<03)}
2. RS A BT SR AR 24
For (each node ) do {
if (T<<Max_Time_W)
{A=A+A(D); z=2z2+z2(T); }
else
{ A=A—A(T1); z=z—z(T1);
A=A+A(T); z=z+z(T);}
T++;
For (each Message_itv)
{A=A""z;
Send_Message(CH_ID, A); }
}
3. R SR AR HEAT T A )
For (each CH node j) do
{if (Y(T) € a) Received_Message=true;
Else
{Received_Message="1alse;
Send_alarm_Record(Sink, CH_ID, Node_ID);
fault_tolerant( ) ;

}
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Background

For most application in wireless sensor networks, users
may want to continuously extract data from the networks for
further analysis the monitoring region measurements. How-
ever, accurate data extraction is very difficult and too costly
to obtain all sensory data. Some monitoring systems are typi-
cally used in one of two modes of operation; either the data
from the network sensors is extracted and analyzed off-line or
the information obtained from the sensors is aggregated using
local computing operations. The reduction of communication
through the latter technology is attractive since extraction of
complete data sets requiring large amounts of communication
that drains the limited energy of sensor nodes. One strategy
so-called prediction in recent years has been introduced for in-
network data aggregation. The existence of such technology
capability implies that the sensor nodes do not need to trans-
mit all sensory data if they differ from a predicted data by
less than a pre-specified threshold, or error bound. In many

previous researches, most prediction operations are carried

out by the base station only, but not the sensor nodes. The
disadvantages are potential high latency time and bandwidth
for transmitting the raw data to the base station. The paper
focuses on the sensor nodes (or cluster head nodes) distribu-
ted compute a linear regression model according to their local
measurements for extracting much more complete information
about the feature of sensor data while still use much less
communication than methods that retrieve all reading from all
sensor. The strategy not only retains valuable statistical in-
formation of the measurements based on the coefficients of
the basic functions of linear regression model but also greatly
reduces the communication cost.

The research work was supported by the National Natu-
ral Science Foundation of China under Grant Nos. 61070162
and 71071028, and Open Research Fund of Key Laboratory
of Complex System and Intelligence Science, Institute of Au-
tomation, Chinese

No. 20100106.

Academy of Sciences under Grant



