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Abstract Reducing the energy consumed by sensor node is a critical issue in wireless sensor networks. In

particular, energy in each sensor node is too limited to waste on overhearing of packets that are not relevant.
In this paper, we propose a wakeup scheme to reduce overhearing energy through the wakeup time difference
between neighboring nodes. Other research papers on wakeup schemes usually focus on decreasing the latency.
We propose a technique to reduce wasted energy for overhearing using the wakeup scheme. Simulation results
indicate that our proposed wakeup scheme improves the sensor network lifetime.
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I . Introduction energy during processing, receiving, transmitting and

overhearing. The energy for processing, receiving, and

Wireless  sensor networks can be used in various transmitting are necessary actions by the sensor node.

physical world applications. But there are many  However, the energy consumption for overhearing is

limitations of sensors such as small amount of energy,
limited CPU, and small size of memory. Among these
challenges,

we focus on reducing the energy

consumption. Generally, a sensor node consumes its
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wasted for a sensor network, since the packet is not
used.

In this paper, we propose a wakeup scheme for
reducing the overhearing energy consumption in
Wakeup  scheduling

el usually focus on reducing latency. Also

wireless sensor networks.
techniques
much research focuses on the MAC layer to reduce

energy consumption that is used for collision,
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overhearing, control packet overhead, and idle listening
4 We suggest a new way to reduce the overhearing
through the
neighboring nodes.

wakeup time difference between

II. Proposed wakeup scheme

1. Odd and Even Wakeup Scheduling

First we suggest the simple wakeup schedule named
0dd and Even Wakeup Scheduling (OEWS), which can
reduce the overhearing energy consumption as half of
the sensor nodes at the same level wake up
alternatively. The key idea is that sensor nodes having
even id number and those having odd id number in the
same level have different wakeup time schedules
because of its different wakeup schedule. For example,
in Fig.1 (a), we suppose that node 1 intends to send the
data to node 8. At a specific even time, sensor node 1
in level 1 can send the data to nodes 2 and 4 having
even number id. However node 3 having odd id number
would not receive this data. But at a specific odd time,
only node 3 will receive data sent from node 1. In the
next step as shown in Fig.1 (b), after node 4 receives
data from node 1, nodes in level 1 fall in sleep mode
again and nodes in level 3 wake up. When node 4
intends to send the data to node 8 node 4 will send the
data at the even wakeup timing. Node 7 follows the odd
wakeup timing, and even if it does not receive data
from node 4, node 7 will fall into sleep mode again.

Fig.2 shows the Odd and Even wakeup Scheduling.
We use the synchronous wakeup schedule. First when
level 1 transmits the data to level 2, the nodes in other
levels are in sleep mode. Level 1 follows the schedule
for a parent and level 2 follows the schedule for
children. In here, level 1 and level 2 in Fig.2 correspond
to node 1 and node 2, 3, 4 in Fig.1 respectively. Parent
wakes up at every time slot but children nodes wake
up alternatively. After the node in level 2 receives the
data from a node in level 1, the node in level 2 changes
the children wakeup time schedule to the parent

wakeup time schedule. Then the nodes in level 1 enter
sleep mode and the nodes in level 3 are in wakeup
mode and follow the children wakeup time schedule.

Radio range of node 1
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Fig. 1. Odd and even wakeup scheduling
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Fig. 2. Odd and even wakeup time scheduling

Fig.2 (b) shows the entire wakeup scheduling based
on [5]. When the base station makes the initial tree
structure, it sets wakeup duration of each level in
advance. Therefore each node knows what its level is

and when is its wakeup time.

2. Individual Wakeup Scheduling

We propose another wakeup scheduling named
Individual Wakeup Scheduling (IWS). Fig.4 shows the
Individual Wakeup Scheduling. Each child node has a
different wakeup time schedule than other children
nodes in the same level. Therefore, at some specific
time, only one child node wakes up and the other
children nodes are in sleep mode. For example, in Fig.3
(a), when node 1 intends to send the data to node 4,
node 1 waits until node 4 is in its wakeup time. The
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parent knows the wakeup schedule of each child node.
When node 4 wakes up, other child nodes like node 2
and 3 are in sleep mode. Hence node 2 and node 3
would not receive the data from node 1 and do not
overhear the packet. In Fig.3 (b), after node 4 receives
the data from node 1, node 4 follows the parent wakeup
schedule. In the parent level, even if other nodes such
as node 2 and 3 are in level 2, only node 4 wakes up.
In IWS, we can use the wakeup schedule for routing.
In the case of the S-MAC protocol, control packets
contain source and destination nodes. But IWS sends
the data to the destination node through the wakeup

nodes of the current parent into array childrenlj]. We
define G to be an undirected graph and V to be set of
sensor nodes. In lines 7 - 11, if parent wakup time
matches with a wakeup time of the target child node,
parent node sends the data to the target child node.
Otherwise the parent node waits until its wakeup time
matches with the target child wakeup time. In lines
12-13, if parent level has time output, the parent node

goes into sleep mode.

Parent Algorithm

Input : j=0, n, = mumber of nodes,

time schedule. Therefore we can save the control ; ir fﬁ}:i?;;giﬁiﬁg&fﬁﬁi;;ﬁﬁig i
packet size of source and destination. Another 3: for n, € V[(};z]ld ; y
. . 4: if n, € children of current parent node
advantage is that IWS has zero overhearing energy 5. (;hildren[i] &, ?
consumption. 6: =it
7. for target child id € children[f]
8 if target child id = children(j]
Radio range ofnode | Radio range of node 1 9 then Wait()
i | AP - 10: if target child id= children[j]
I 11: then send ( data)
el | ‘;" ; \ Level ] "" v i) 12: if level wekeup time =0
! /"\\‘ ! I - | 13: then sleep ( until next wakeup time )
Level 2 0 3.3 P; Level 2 0 . ., *!\j 99 5 Bmuc gz
Level3 / 2N Level3 'v A\ Fig. 5. Algorithm for the parent node
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Fig. 3. Individual wakeup scheduling Example
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Fig. 4. Individual wakeup time scheduling

In Fig.5, we present the algorithm for a parent node.
In lines 1 - 2, parent node checks its wakeup schedule.
If a parent still follows the children schedule, it changes
to parent schedule. In lines 3 - 6, we store the children

Children Algorithm

1: if Schedule = parent_wakeup scheduie

2 then change to children wakeup schedule
3: find parent ()

4. if parent send the data

5. then receive ( data)

6: if fevel wakeup time =0

7 then sleep (until next wakeup time)

L ARRRE darglE

. Algorithm for the Children nodes

In Fig.6, we show the algorithm for children nodes.
In lines 1 -2 they check theirs wakeup schedule. If
children follow the parent schedule, it changes to
children schedule. In line 3, each child tries to find the
parent node. In lines 4 - 5, they wait for the data from
the parent node. If specific child node receives the data

from the parent node, it becomes a new parent.
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[II. Simulation

In this section, we present simulation results of
OEWS and IWS. The purpose of this paper is to reduce
the overhearing energy consumption. But there is a

tradeoff between overhearing energy and data delivery

latency. Therefore, we evaluated the efficiency of

energy consumption and latency comparing our
technique with S-MAC . In S-MAC, one of the

sources of wasted energy which they tried to reduce is
the overhearing energy.

In the experiments, we randomly spread the
homogeneous sensors in a 300 x 300m’ sensor field

area. All sensor nodes have the same fixed radio range

and same energy. We use the Rings topology for initial
. 3]
routing tree structure

For measuring the energy
consumption

for  transmitting,

recelving, and
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overhearing data, we used the LEACH energy model™.

Efficiency to reduce overhearing

energy
In this experiment, we measured the rate of energy
saving compared to the S-MAC. Even though S-MAC
already reduces overhearing energy, the experiment
result shows that OEWS and IWS reduce overhearing
energy more than S-MAC. Fig.7 (a) and (b) show the
energy saving results of OEWS comparing with
S-MAC protocol. We increased the number of sensor
nodes from 300 to 600 and the radio range from 30m to

60m. In Fig.7 (a), we compare energy saving rate in

total energy consumption including transmitting,

receiving and overhearing. This result shows that
OEWS reduces more energy than S-MAC protocol.
Fig.7 (b) shows the result when we only compare the
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overhearing energy with S-MAC protocol. We can
save the overhearing energy up to 43% more than
S-MAC.

Fig.8 (a) and (b) show the result of energy saving
rate in IWS. ITWS saves more energy than OEWS
comparing with S-MAC protocol. Because we remove
the overhearing energy consumption, in Fig.8 (b), the
saving rate of overhearing energy is 100% comparing

with S-MAC protocol’s overhearing energy.

2. Effect on latency
In this section, we analyze the data latency between
OEWS, IWS and S-MAC protocol. In Fig.2, when some
events happen between the T period which is the
duration of sleep, the node in level 1 waits until its next
wakeup time. The probability of an event occurring
between T periods is uniformly distributed. Therefore
we represent the uniform distribution between A and B
by X" UIAB] . X is random delay time. A and B are
the smallest delay time and the largest delay time
respectively. Hence delay time of S-MAC is
represented by the following:
XU[(h-1)T,hT] 1)

Therefore, average delay time is :

B =( h- 7 ) @

In formulas (1) and (2), h is the number of hops.

Also we can represent OEWS and IWS by the
following respectively:

X U[(h-1)T, 20T ] 3)
X U[(h-1)T,NhT] 4)
Hence, average delay time of OEWS and IWS are:
EX)-=( 2 h- 7 T )
EX-=( ‘35 h- 7T T ®)

In (4) and (6), N means the average number of
sibling nodes. Fig.7 (c) shows the result of latency in
OEWS comparing with S-MAC. We simulated with
number of nodes from 300 to 600 and radio range from
30 to 60m. In this environment, latency of OEWS is
151 times the latency of S-MAC protocol. Fig.8 (c)

shows the result of latency in IWS. In this case, as
density of sensor field increases, latency is increased.
With the same environment in Fig.8 (c), latency of IWS
is between 1.72 and 3.64 times more than latency of
S-MAC protocol.

I V. Conclusion

In this paper, we have proposed OEWS and IWS for
reducing the overhearing energy consumption with
different wakeup times. Even if advantage of OEWS
and IWS

consumption, there is a delay time because of a trade

is to reduce the overhearing energy

off between energy saving and delay time. Our
simulation result also show OEWS and IWS have good
performance. OEWS and IWS are more suitable for
high density sensor network because overhearing
energy cnsumption is high when nodes are having

many neighborhood sensor nodes.
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