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Optimal designs of wireless sensor network by adapted GASA
WANG Xue, JIANG Ai-guo, WANG Sheng

(State Key Laboratory of Precision Measurement Technology and Instruments, Department of Precision Instruments
and Mechanology, Tsinghua University, Beijing 100084, China)

Abstract: Wireless sensor network, consisting of lots of sensor nodes, is critical about the cost of entire network. The
optimal design of wireless sensor network can minimize the cost of network and fulfill the desired accuracy of detection.
An adapted GASA approach, which combines genetic algorithm (GA) and simulated annealing (SA), is developed to
optimize the design of wireless sensor network consisted of multi-class, multi-level sensors. The sort-combination operator
is specially designed to boost the ability of parallel search of GA and to reduce the complexity of multi-class, multi-level
sensors. Optimal feasiblility is also adopted to accelerate the search procession and SA is used to enhance the ability of
local search. Finally, the results obtained by GA, SA and the adapted GASA are compared, and three major characters of
the adapted GASA are analyzed.
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1 ÚÚÚóóó(Introduction)
Ã�Daì�ä(wireless sensor network,{

¡WSN)´8c��­��ïÄ+�, 3�¯Ú¬
^�¡Ñk2,�A^+�, ~X�¸iÿ!|µ
­�!$Ä�l!$Ä&ÿ!Ô|iÒ!�aÚ�¥

½ �[1]. Daì!:´Ã�Daì�ä�Ä�|
¤ü�,���Ñ
DÚDaì=¯a���Vg,
´�)?nì�¬!ÏÕ�¬!Daì�¬Ú>


�¬�8¤ü�.
WSN�`³3u�±ÏLÙ��þ$¤�!$

°Ý!:, �Ó�¤L�I�d�[B�;^¤
ìâU�¤�iÿ?Ö, ü$iÿs¤. ÏL`
zÀJDaì!:�«aÚêþ, �±?�Úü
$�äEd,ù´8cWSNïÄ¥���9:¯
K. BrooksÚIyergarJÑæ^¢D�{ (genetic algo-

rithm, {¡GA)½�[ò»(simulated annealing, {
¡SA)5)ûT¯K[2]. �´, GA´u)@ÙÂñy
�,
��XDaì«aÚêþO\,|¢5U×�
eü; SA��`û�`z5UI����|¢�m,

�ëêéJ(½[3]. ¿�, ù
�{�U)ûd
ÓaDaì|¤WSN`z¯K,�WSN¥  Ó�
Ù�õ«a.Daì�¢S�¹ØÎ.�©JÑ�
«U?GASA�{,`z�OÉa!õ?Daì|¤
�WSN.

2 ÉÉÉaaa!!!õõõ???DDDaaaììì|||¤¤¤WSN���`̀̀zzz���OOO
���... (Optimal design model of WSN con-
sisting of multi-class, multi-level sensors)[4,5]

WSN¥Ù�õ«a.�Daì,X�Ä!ã
�!̂ åDaì�,zaDaìiÿA½Ônþ,Ï
L�Óó��¤�.!nÜiÿ?Ö. ÏL`zÀ
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J�aDaì�|Ü�±ü$WSN�oNEd.
Na!M(i)(i ∈ (1, N)) ?Daì�øÀJ,

Ù¥1ia!1 j ?Daì�Ø�Úüd©O

�σijÚcos tij . ÏL`zÀJ�a!�?Daì�
ê8 xij �±òWSN�Edü��$. `zL§¥
I÷v1 iaDaì�nÜØ�ΩiØ�u�¦��

Ø�ϕi,=

Ωi =

√
M(i)∑
j=1

xijK2
ijσ

2
ij 6 ϕi, i = 1, · · · , N. (1)

Ù¥KijL«�­Xê,�DaìiÿØ�σij¤�

',d
M(i)∑
j=1

xijKij = 1�8�z?n,k

Kij =
1/σij

M(i)∑
j=1

xij/σij

,

i = 1, · · · , N, j = 1, · · · ,M(i). (2)

òª(2)�\ª(1)k

Ωij =

√√√√√√
M(i)∑
j=1

[xij(
1/σij

M(i)∑
j=1

xij/σij

)2σ2
ij] =

√
M(i)∑
j=1

xij

M(i)∑
j=1

(xij/σij)
, i = 1, · · · , N. (3)

þ¡�`z¯K�=z�e¡��`zêÆ�.µ

Y ∗ = min Y = min(
N∑

i=1

M(i)∑
j=1

xijcos tij), (4)

÷v

Ωi 6 ϕi, i = 1, · · · , N. (5)

3 WSN���UUU???GASA`̀̀zzz���OOO���{{{(GASA
approach for WSN optimal designs)
�éþ¡JÑ�`z�., ò¿1GA(parallel

GA,{¡PGA)�¿1|¢(��SA�VÇâaA
5kÅ(Ü,JÑ
�«U?GASA`z�O�{:
PGA�1é«+¿1�Û|¢, SAé«+ÛÜÏ
`(§Ý�p�LyÑ�r�VÇâa5); ,�ü
$§Ý, ?1e�ÓPGA?zÚSAÛÜÏ`, ��
Âñ��`)[6]. PGAØE�!��!CÉ3�Ä�
�f�	, �éõa!õ?Daì`z¯K�E,
5, �O
�`�1z�fÚüS|Ü�f. ¢�
(JL², Ú\�`�1zÚ|ÜüSü�f�,

PGA�?z�ê²w~�.

3.1 PGA///ÚÚÚNNNÚÚÚ¢¢¢DDD���fff���OOO(Designs of

chromosomes and genetic operators of PGA)

ò1 ia!1j?Daì�ê8xij(i = 1, · · · , N,

j = 1, · · · ,M(i))Uì
x11 · · · x1M(1) · · · xij · · · xN1 · · · xNM(N)

�^Sü�[7],�LPGAÄÏ³¥���/ÚNX ,

/ÚNê8�½�L.
/ÚN�·AÝ¼ê½Â�

fk = 1/Yk, k = 1, · · · , L. (6)

PGA½Â5«¢D�f,©O�1e¡�ö�µ
1)�`�1z.ò�Å�)!Ø÷v�å (5)�

/ÚN=C��1). Äk, O�zaDaì�æ
^��°Ý?O�,I��Daìêþ x∗ij ,¿Uì
Ed?1üS,(½WSN�$EdéA�Daì?
O J(i) i ∈ (1, N);,�,ÏLO\ J(i)?ODaì
ê8,¦Ø�1)C��1).

2)üS|Ü.ò/ÚNXk ¥��UìéA�D

aìa.©�N �fã,O��fãéA�Ed

Yik =
M(i)∑
j=1

xijk cos tij, i = 1, · · ·, N, k = 1, · · ·, L.

(7)

ò N �fã©OUì Eik(k = 1, · · · , L)�,Sü
�,òüS�Ó�fã|Ü¤#/ÚN.²üS|Ü
ö��,/ÚN�ê8�±ØC,·AÝ�p/ÚN
�z�fãäk�Afã���s¤.|ÜüS�
�/ÚN|¤I�ÄÏ³.

3)E�.òI�¥·AÝ�p� 20%�/ÚN
��E��f�ÄÏ³¥.

4)��.f�ÄÏ³¥ 75%�/ÚNÏLI�
/ÚN���), =lI�¥�ÅÀJü�/Ú
N,,��g�ÅÀJü�I�/ÚN�z� ,�
\f�/ÚN��A .

5)CÉ.f�ÄÏ³¥ 5%�/ÚNdI�/Ú
NCÉ�),=lI�¥�ÅÀJ��/ÚN,�g
éz� ± 0.3�VÇCÉ.
²Lþ¡5�¢D�fö��,ÄÏ³¥/ÚN

ê8�±ØC,�´²þ·AÝJp.

3.2 SAÛÛÛÜÜÜÏÏÏ`̀̀(Local optimization by SA)
PGA�Û|¢�,ò L�/ÚN�gæ^ SA�

{?1ÛÜÏ`, ü§Xê�½� α, = tG+1 =
αtG./ÚN¥z�ÄÏ ± 40%�VÇUC,/¤
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#/ÚN,SAG��)¼ê�O�

xijk(new) =





xijk(old) + 1, 0 < p < 0.25,

xijk(old), 0.25 6 p < 0.75,

xijk(old)− 1, 0.75 6 P < 1.

(8)

Ù¥ p 3[0, 1] «m¥�Å�). SAÛÜÏ`�L
§´: |^ SA G��)¼ê�)#/ÚN, O�
#!Î/ÚN�·AÝ� ∆fk, O��ÉVÇ p =
min(1, exp(−∆fk/tG)),�Å�)�� r ∈ [0, 1],X
J p > r,^#/ÚN��Î/ÚN;ÄK,�±Î/
ÚNØC.,�,ò�#��/ÚN�£�PGA.

3.3 ÉÉÉaaa!!!õõõ???DDDaaaììì|||¤¤¤WSN���UUU???GASA`̀̀
zzz���OOO���{{{(Adapted GASA approach for op-
timal designs of WSN consisting of multi-class,
multi-level sensors)

ã 1 WSN�U?GASA`z�O�{

Fig. 1 Adapted GASA approach for WSN optimal designs

111 1 ÚÚÚ ézaDaì, '�æ^ü�?O
���äEd, ÀÑ�$EdéA�?OJ(i), i ∈
(1, N);
111 2 ÚÚÚ æ^�Å�ªÐ©z�)GA�5�

�L�0�ÄÏ³, ����?z�êGMAXÚò»

Ð§�t0;
111 3 ÚÚÚ òL�/ÚN�g?1�`�1zö

�, ÏLO\ J(i) ?ODaì�êþ, òØ�1)
=C��1),/¤I�ÄÏ³;

111 4ÚÚÚ O�/ÚN·AÝ,üS|Üö�;
111 5ÚÚÚ éI�ÄÏ³¥/ÚN?1E�!��

ÚCÉö�,/¤f�ÄÏ³;
111 6ÚÚÚ éf�/ÚN?1SAÛÜ|¢ö�;
111 7ÚÚÚ ?z�êG\1,ü§tG+1 = αtG,XJ

ëY10��`(J�Ó½ö����?z�ê,=
18Ú,ÄKòf�ÄÏ³¥/ÚN�ÜE��I�
ÄÏ³¥,�£13Ú;
1118ÚÚÚ òf�ÄÏ³¥·AÝ�p�/ÚN�

��`)ÑÑ.
PGA� Û | ¢ !SAÛ Ü Ï ` � É a !õ

?WSN`z�O�{�±^µã1£ã.

4 ���ýýý¢¢¢��� (Simulation experiments)
4.1 WSN`̀̀zzz���OOO���{{{'''���(Comparison of ap-

proaches for WSN optimal designs)
�� N = 1�,þ¡�O��{{z�`z�

OüaDaì|¤WSN�A~�{,± £Daì
�~,Daì°Ý�4��?,�'ëê�L1,�¦
nÜØ�Ω 6 ϕ = 0.166512 mm. æ^U?GASA
�{!©z[3]JÑ�GAÚSA�{©O¦),ÄÏ³
5��L = 100, ò»Ð§Úò»Xê©O�t0 =
1, k = 0.9, (JXL2¤«. �±wÑ: 1) U
? GASA ÚSA�Ñ
�Ó�(J 33.60 RMB, `
uGA�Ñ�(J33.70 RMB,��GA�\
ÛÜ4
�; 2) SAÑ���uU?GASA�{.

L 1  £Daìëê
Table 1 Parameters of displacement sensors

? O

1 2 3 4

σ/mm 0.30 0.50 0.70 0.78
cost/RMB 8.4 4.2 2.1 2.0

L 2 U?GASA, GAÚSA`z(J'�
Table 2 Comparison of optimal results of

adapted GASA, GA and SA

�{ `z �äE ?z�

a. (J d/ RMB ê/ � Ñ�/ s

U?GASA (3,1,1,1) 33.60 10 0.45
GA (3,1,2,0) 33.70 32 0.92
SA (3,1,1,1) 33.60 −− 2.21

4.2 WSN ���UUU??? GASA `̀̀zzz���OOO���{{{©©©
ÛÛÛ(Analysis of adapted GASA approach for
WSN optimal designs)
üX� GA ½ö SA �{Ø·Ü)ûõa!õ

?Daì|¤�WSN`z�O¯K,�©JÑ�U
? GASA �{���GA�{�', ?1
 3 ��
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¡�U?: 1) SAÛÜ|¢; 2)üS|Ü�f; 3)�`
�1z?n,±)ûõa!õ?Daì`z¯K.e
¡ÏL¢�5©Ûù 3�¡U?3�{¥��^.
�
Bu'�, �aDaì��Ó°Ý?

OM = 4,�Daìa. N l1O\�8,'�: 1)�
� GASA �{; 2) Ã SA ÛÜ|¢; 3) Ã�`�
1z?n; 4) ÃüS|Ü�f 4 «�{Âñ��
`)¤I?z�ê G (� 50 g¢��²þ�), (
JXã 2 ¤«. Ù¥�� GASA �{=�©JÑ
�U?GASA�{,�3«�{©O´U? GASA�
{Ø��A?n���{z�{. ��?z�ê
�250�,Ù¦�'ëê� 4.1Ü©¥�Ó.

ã 2 WSN`z�O�{(J'�
Fig. 2 Comparison of approaches for WSN

optimal designs
dã 2��,�� GASA�{!Ã SAÛÜ|¢

�{ÚÃ�`�1z?n�{�?z�ê G Ø�

Daì«a N O\
UC,Ù¥��GASA�{Â
ñ��`)I� 15 ��m, Ã SA ÛÜ|¢�{
I� 40��m,Ã�`�1z?n�{I� 90�
�m; 
ÃüS|Ü�{Âñ��`)�?z�
ê G �Daì«a N ×�O\, 
��Daì«
a N > 5 �, �{Ã{3 250 �±SÂñ��`
).©Û��

1) üS|Ü�f�±òÂñ��`)I��?
z�ê G�±3��Ä�ØC��,XJvküS
|Ü�f,Ã{)ûDaì«a N > 5�WSN`z
�O¯K;

2) SAÛÜ|¢Ú�`�1zö��±wÍ~
�Âñ��`�1)I��?z�ê.

5 (((ØØØ (Conclusion)
Ã�Daì�ä�`z�O�±ü$�äE

d. �©JÑ�U? GASA �{ò GA ��Û¿
1|¢UåÚ SA �VÇâa5�(Ü, )û
É
a!õ?Daì�ä`z�O¯K. üS|Ü�f
Or
¿1|¢Uå,¦�{ÂñI��?z�ê
Ø�Daì«aO\
UC; SA ÛÜ|¢Ú�`
�1z?n?�ÚJp
�{�Âñ�Ý.U?�
� GASA �{�±3���?z�êSÂñ��
`), �±�?Éa!õ?Daì|¤�WSN`z
�O¯K.
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