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Abstract: In this paper, a hierarchical clustering protocol for long-lived sensor network is proposed. EADEEG (an
energy-aware data gathering protocol for wireless sensor networks) achieves a good performance in terms of
lifetime by minimizing energy consumption for communications and balancing the energy load among all nodes.
EADEEG adopts a new clustering parameter for cluster head election, which can better handle the hetergenous
energy capacities. Furthermore, it also adopts a simple but efficient approach, namely intra-cluster coverage to cope
with the fractional area coverage problem. Through turning off redundant nodes, while the remaining nodes stay
active to provide continuous service, the network lifetime can be significantly prolonged. Experimental results have
shown that EADEEG can satisfy the desired coverage fraction and outperform LEACH (low energy adaptive
clustering hierarchy), PEGASIS (power-efficient gathering in sensor information systems) and DEEG (distributed
energy-efficient data gathering and aggregation protocol) in terms of network lifetime.
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Table1l Descriptions of states and messages
1
State Description Message Description
Candidate Candidate for competing cluster head E_Msg Tuple (selfid, self residual energy)
Head Cluster head Head Msg Tuple (selfid)
Plain The member node of one cluster Join_Msg Tuple (selfid, headid)
CHy The root node of routing tree Compete_Root_Msg Tuple (selfid, weight)
3.1
EADEEG , , : 2. [14],
ID , ID
, r E Msg,E Msg ID 3 Vi r
, E_Msg .
Table2 Node 4's neighborhood table
2 4
ID State Residual energy (J)
3 Candidate 1.32
7 Candidate 0.16
6 Candidate 0.09
5 Candidate 0.32
il Ea VI
Vi(1<i<mizj) Vi r ,m , Ea
m
Zvj 'Eresidual
j=1
E = —— @
E, ., , 2 Head _Msg
£ = kxT x— @)
residual
K [0.9,1] T +Eresidual
E
@ [EADEEG _ ,
Eresaua
Head Msg E, 1 ,
E rescua
E, ; : 4 3, 4
Era’dual
,EADEEG .
EADEEG , t Head_Msg )
Head_Msg . t Head_Msg ,
, (t=At,t+At) Head Msg,
, , At Head Msg
Head Msg , ) At )
At )
Head_Msg , EADEEG . )
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3.2

Choi [15]

(©)

Join_Msg . 2

state«—candidate
broadcast Node_Residual_Msg
receive Node_Residual_Msg
update neighborhood table NT[]
t«the broadcast delay time for competing a cluster head
while (the timer1(T) for cluster head election is not expired)
if (CurrentTime<t)
if (aHead_Msg is overheard from a neighbor NT[i])
state«—plain
NTI[i].state=head
else
continue
endif
else
if (state=candidate)
state«—head
broadcast Head Msg
endif
endif

. endwhile
. while (the timer2 for cluster join is not expired)

if (state=plain & & have not sended Join_Msg)
Send (Join_Msg to the nearest cluster head)
else
receive (Join_Msg from its neighbor plain nodes)

. endwhile

The pseudo-code for the algorithm of cluster formation
2

log(1-7)
| Al+4y] Alr

e = % &L 3

|A|+4,/|A|rs+nrs2
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(a) Hlustration of active nodes before scheduling (b) Ilustration of active nodes after scheduling
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Fig.3 The comparison of the number of active nodesin the period of

pre-schedule and scheduled respectively
3
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Fig.4 The agorithm of routing tree construction
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] 2rCl
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g
I All ’
. . Tcrozpt
information stored < N Al +Kopt (15)
, OWN). 0
5
, EADEEG , k@(p = M
3ar?
rOpt = 24 % , EADEEG ,
27Neg
500 , 25 s s )
) 100
) L : , 3
1 (first node die, FND), 1 ;
(half nodes die, HND), ; (last node die,
LND), . 3.
Table3 Simulation parameters
3
Parameter Value
Network size (100x100), (150x150), (200x200), (250x250), (300x300), (350x350), (400x400)
Sink position (50,175), (50,200), (50,215), (50,230), (50,245), (50,260), (50,275), (50,300), (50,400)
Node number 100, 150, 200, 250, 300, 350, 400, 450, 500
Threshold distance (do) (m) 75
Cluster radius (r) (m) 15, 20, 25, 30, 35, 40
Sensing range rs (m) 15, 20, 25
Eelec (NJ/it) 50
e 1 (pJ/bit/m?) 13
€ amp (pI/bit/m*) 0.0013
E_fusjon (n.]/bl t) 5
Data packet size (bytes) 50, 100, 150, 200, 250, 500
Control message size (bytes) 25
Packet header size (bytes) 25
Round 5 TDMA frames
Initial energy (J) 2
Qos requirement 0.9, 0.95
5.1 EADEEG
EADEEG , (500nodes, 100x 100m2) (100nodes, 100x 100m2)
511 VS.
8(a) , ,
2
o _NIRC g) , , ,
Il All
, 8(a) 8(b) , , ,
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Fig.9 Cluster radius vs. network lifetime
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! EADEEG DIRECT,LEACH,PEGASIS DEEG(distributed energy-efficient data
gathering and aggregation protocol)!*® 4
521
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