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Abstract: To accomplish the tasks within a possibly shortest time, and fully use network resources, a task scheduling

algorithm(WDTA) based on divisible load theory is proposed under clustering structure in wireless sensor networks. In

WDTA, the tasks are distributed to wireless sensor network based on the processing and communication capacity of each

sensor by SINK. By removing communication interference between each sensor, this algorithm achieves the reduction

of the task-accomplishment time and improves the network resource utilization. Two kinds of heterogeneous clustering

network settings are then analyzed in WDTA. The most reasonable scheme for task allocation in all nodes and the shortest

time required to accomplish the tasks are also obtained. The limit case of task scheduling in wireless sensor networks is

theoretically analyzed. Finally, simulation results show that the algorithm can reasonably distribute tasks to each sensor,

and then effectively reduces the time-consumption and energy-consumption in task accomplishment. This scheme can be

used as the design principle for large-scale wireless sensor networks.
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Fig. 1 Clustering structure of WSNs

3 (Problem formulation)
2

.

2

Fig. 2 Network topology

, k ,

Clusteri(i = 1, · · · , k),

Ci, ni(i = 1, · · · , k)
, SINK li(i =

1, · · · , k). ni,j(i = 1,

· · · , k; j = 1, · · · , ni);

li,j(i = 1, · · · , k; j = 1, · · · , ni) .

yi,j ni,j

; zi,j li,j
; wi Ci (

) ; zi li
; ϕi Ci

[11,15].
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; αi,j Ci ni,j

. :
k∑

i=1

αi = 1, (1)

ni∑

j=1

αi,j = αi. (2)

Tms

, Tcm

, Tcp

[8∼13]. αi,jyi,jTms ni,j

, αi,jzi,jTcm ni,j li,j
Ci , αiwiTcp

Ci , ϕiαiziTcm

Ci SINK .

Ti i

SINK , Tf .

Tf ,

, SINK

Ti , Tf= max{T1, T2, · · · , Tk}.

, SINK

. , SINK

.

4 (Scheduling strategy)
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(Simultaneous measurement start, sequential re-

porting)
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Fig. 3 Timing diagram of simultaneous measurement start, sequential reporting strategy
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Ci αi

:

αi,j−1yi,j−1Tms = αi,jyi,jTms + αi,jzi,jTcm. (3)

,

si,j = yi,j−1Tms/(yi,jTms + zi,jTcm), (4)

(3)

αi,j = si,jαi,j−1, (5)

αi,j αi,1

αi,j =
j∏

k=2

si,kαi,1. (6)

(2)(6)

αi,1 = αi/(1 +
ni∑

j=2

j∏

k=2

si,k). (7)

ni − 1

αi,j = αi

j∏

k=2

(si,k)/(1 +
ni∑

j=2

j∏

k=2

si,k). (8)

3 ,

,

. (7) , i

:

ti = αi(yi,1Tms+zi,1Tcm)/(1+
ni∑

j=2

j∏

k=2

si,k). (9)

3

, SINK :

ti + αiwiTcp = ti+1 + αi+1wi+1Tcp +

ϕi+1αi+1zi+1Tcm. (10)

(9) ,

ti = Ciαi, (11)

Ci = (yi,1Tms + zi,1Tcm)/(1 +
ni∑

j=2

j∏

k=2

si,k).

(10)

Ciαi+αiwiTcp = Ci+1αi+1+αi+1wi+1Tcp+

ϕi+1αi+1zi+1Tcm. (12)

gi =(Ci−1+wi−1Tcp)/(Ci+wiTcp+ϕiziTcm), (13)

(12)

αi = giαi−1, (14)

αi α1

αi =
k∏

j=2
gjα1. (15)

(1)

α1 = 1/(1 +
k∑

i=2

i∏

j=2
gj), (16)

k − 1

αi =
i∏

j=2
gj/(1 +

k∑

i=2

i∏

j=2
gj). (17)

SINK

, ,

SINK ,

.

Tf = t1+(w1Tcp+ ϕ1z1Tcm)/(1+
k∑

i=2

i∏

j=2
gj). (18)

,

, (16)

α1(1 + g + g2 + g3 + · · · + gk) = 1, (19)

:

g = (C + wTcp)/(C + wTcp + ϕzTcm),

C = (yTms + zTcm)(1 − s)/(1 − sn),

s = yTms/(yTms + zTcm).

(19)

α1= (1−g)/(1−gk). (20)

(15) k−1

αi = α1g
i−1. (21)

(20) ,

Tf = (C + wTcp + ϕzTcm)(1−g)/(1−gk). (22)

, ,

, . k ∞ ,

Tf = ϕzTcm. (23)

k → ∞, 1 − gk → 1 ,

Tf = (C + wTcp + ϕzTcm)(1 − g).

(19) g = (C + wTcp)/(C + wTcp + ϕzTcm),
, Tf = ϕzTcm.

,

, :

min Tf

s.t. ti + αiwiTcp +
i∑

j=1
ϕiαiziTcm � Tf ,

αi � Bi,
k∑

i=1
αi = 1, αi � 0, (24)

: ti 3 , ,
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Bi Ci .
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1 ,

SINK , SINK

; 2 ,

;

3 ; 4

.

k ,

3k + 1 , k [16].
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( ) .

,

, αi .

.

4.2 ,
(Simultaneous measurement start, simultaneous

reporting termination)
,

4 .

4 ,

Fig. 4 Timing diagram of simultaneous measurement start, simultaneous reporting termination strategy

i ,

:

αi,jyi,jTms + αi,jzi,jTcm =

αi,kyi,kTms + αi,kzi,kTcm. (25)

αi,jri,j = αi,kri,k, (26)

: ri,j =yi,jTms+zi,jTcm, ri,k =yi,kTms+zi,kTcm.

(2)(26)

αi,j = αi
1

ri,j
/

ni∑

j=1

1
ri,j

. (27)

4 (27) i

ti = αi(yi,jTms + zi,jTcm)
1

ri,j
/

ni∑

j=1

1
ri,j

. (28)
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(25), ,

,

ti = αi(yi,1Tms + zi,1Tcm)
1

ri,1
/

ni∑

j=1

1
ri,j

. (29)

4

, SINK :

ti + αiwiTcp + ϕi αi zi Tcm =

ti+1 + αi+1wi+1Tcp + ϕi+1αi+1zi+1Tcm. (30)

(29) ,

ti = Diαi, (31)

Di= (yi,1Tms + zi,1Tcm)
1

ri,1
/

ni∑

j=1

1
ri,j

.

(30)

Diαi + αiwiTcp + ϕiαiziTcm =

Di+1αi+1 + αi+1wi+1Tcp + ϕi+1αi+1zi+1Tcm.

(32)

(32)

hi = Di + wiTcp + ϕiziTcm, (33)

αjhj = αkhk. (34)

(1)(34),

αi =
1
hi

/
k∑

i=1

1
hi

. (35)

Tf = Ti = ti + (wiTcp + ϕiziTcm)
1
hi

/
k∑

i=1

1
hi

.

(36)

, ,

, n ,

SINK ,

αi = 1/k. (37)

,

Tf = (D + wTcp + ϕzTcm)/k, (38)

D= (yTms + zTcm)/n.

, ,

, . (38) , k

∞ , Tf 0.

, :

min Tf ,

s.t. ti + αiwiTcp + ϕiαiziTcm � Tf ,

αi � Bi,
k∑

i=1
αi = 1, αi � 0. (39)

(39) 4.1

.

5 (Energy consumption model)
,

. LEACH [17]

. LEACH

,

, TEEN,

DAEA , . LEACH

: 1)

; 2)

; 3) ,

.

: es, ep, etx, erx;

d.

, i j

Ei,j = αi,j(es + etx d2). (40)

Ci

Ei = αi(erx + ep + ϕi etx d2). (41)

SINK

ESINK =
k∑

i=1
ϕi αi etx. (42)

6 (Simulation and analysis)
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d = 100 m,

30 . Tms =Tcm =Tcp = 1.
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6.1 ,
(Simultaneous measurement start, sequential re-

porting)

) y, z, w , w = y = z = 1.0, ϕ

0.2, 0.4, 0.6, 0.8, 1.0. 5(a) ,

, .

, . (23)

, ,

ϕz Tcm. 6(a) , ϕ

.

, .

) ϕ, y, z, , y = z = 1.0, ϕ= 0.5, w

: 0.8, 1.0, 1.2, 1.4, 1.6. 5(b) ,

, .

,

. 6(b) ,

, .

) ϕ, z, w , w = z = 1.0, ϕ = 0.5, y

: 0.8, 1.0, 1.2, 1.4, 1.6. 5(c) ,

,

,

. 6(c) ,

,

, .

) ϕ, y, w , w = y = 1.0, ϕ = 0.5, z

: 0.8, 1.0, 1.2, 1.4, 1.6. 5(d) ,

, .

, .

(23) , ,

ϕz Tcm. 6(d) ,

, .

5 ,

Fig. 5 Impact of these four parameters on finish time under

measurement start, sequential reporting model
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6 ,

Fig. 6 Impact of these four parameters on energy

consumption of each intra-cluster nodes under

measurement start, sequential reporting model

,

[0.8 ∼ 1.2] ,

0.5, 1.0. 5

, 7(a)

, ,

, 7(b) ,

.

5, 6,

,

,

.

7

Fig. 7 Impact of random parameters on finish time and

energy-consuming

6.2 ,
(Simultaneous measurement start, simultaneous

reporting termination)
) y, z, w , w = y = z = 1.0, ϕ :

0.2, 0.4, 0.6, 0.8, 1.0. 8(a) ,

, . ,

. 9(a) ,

ϕ

. , .

) ϕ, y, z, , y = z = 1.0, ϕ = 0.5,

w : 0.8, 1.0, 1.2, 1.4, 1.6. 8(b) ,

,

. ,

. 9(b) ,

, .

) ϕ, z, w , w = z = 1.0, ϕ = 0.5, y

: 0.8, 1.0, 1.2, 1.4, 1.6. 8(c) ,

,

,

. 9(c) ,
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,

, .

) ϕ, y, w , w = y = 1.0, ϕ = 0.5, z

: 0.8, 1.0, 1.2, 1.4, 1.6. 8(d) ,

, .

, .

9(d) , ,

.

8 ,

Fig. 8 Impact of these four parameters on finish time under

simultaneous measurement start, simultaneous

reporting termination

9 ,

Fig. 9 Impact of these four parameters on energy

consumption of each intra-cluster nodes under

simultaneous measurement start,

simultaneous reporting termination
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, 10(b)

,

.

10

Fig. 10 Impact of random parameters on finish time and

energy-consuming

6.3 (Contrast of

the two measurement mode on time-consuming

and energy-consuming)
, /

. , w = y = z = 1.0, ϕ =
0.5. 11 , ,

(SRT) ,

,

(SR) , ,

. ,

,

.

11

Fig. 11 Time-consuming and energy-consuming comparing

of these two kinds of acquisition mode

6.4
(Contrast of the two mea-

surement mode on time-consuming and energy-

consuming under a variety of tasks)
WDTA

,

( SINK

) , w = y = z =
1.0, ϕ=0.5. 1∼5,

12 . 12 ,

, (SRT)

,

, (SR) .

, .

SRT

.

12

Fig. 12 Time-consuming and energy-consuming comparing

of these two kinds of acquisition mode
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7 (Conclusion)
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