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Cross-layer strategy for cooperative diversity in  
wireless sensor networks 
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(1. Information Science and Engineering Institute, Graduate University of Chinese Academy of Science, Beijing 100049, China;  

2. Computational Geodynamics Laboratory, Graduate University of Chinese Academy of Science, Beijing 100049, China) 

Abstract: The problem of how to minimize the energy consumption in multi-hop wireless sensor network under the con-

straint of end-to-end reliability QoS requirement was investigated. Based on the investigation, jointly considering the 

routing, relay selection and power allocation algorithm, a novel distributed cross-layer strategy for cooperative commu-

nication based on opportunistic relaying was presented. The results show that under the same QoS requirement, the pro-

posed cross-layer strategy performs better in energy efficiency. The impact of several parameters on the energy efficiency 

of the cooperative communication in wireless sensor networks was investigated, thus could be used to provide guidelines 

to decide when and how to apply cooperation for a given setup. 

Key words: communication techniques; cooperative diversity; cross-layer design; opportunistic relaying 

 

1  �� 

�������	
��
��������

������������ !"#$%&'��

(%�!")*
[1]
+��,-./�012345

 67������	����89:;<=�

>?�@%ABCD+EFGH�IJK�LMN

LM0O,PQR��STNU�0OVWXY2

3�,PQRIZ[��,-
�23+\]�E

F^_@%/`aEFbcdEF8eaEF+f


eaEFGHghijklm`a8nopq�

�r�sftEF^_uvU�Bwx.yz{+

|}EFGH}~D�Z[0123�^��JK

��./����0O�����������

�I��DO���0��v����eaEF
[2]
+

s���0�������MIMO�v�u��|

�����2010-08-01 

�����lm\ij��no@pqr863s@pt5uvwxyq2009AA12Z14t 

Foundation Item: The National High Technology Research and Development Program of China (863 Program) (2009AA12Z14) 



�10�    �  
  ! � 31� 

 

}EF���;������	Z����b=�

8���%��Bwx�mhZ;<=�/D�%

��������	
[3]
+ 

 ¡�|}EF¢£@%F
�¤¥�¦§

¨=�8,-©�ª+«¬[2,4,5]­��®¯



°b±²
°8³²
°­0�|}EF��^´

�Eµ®¶·�EF¸¹8ºm¸¹+»Z0
°

¼½�«¬[6]8«¬[7]E¾��®¿me`³²8

ÀÁ
°^��¦noÂd�^�+«¬[6]ÃÄÀ

Á
°ÀÅ����Æ�EF¸¹IÇse`³

²^´uÈ�noÂd+«¬[8]¢£®0
°¼½

ÉEÊËÌd�PER��ÍÎ+ 

gh|}EF$%0O��ÏUÐÑJ,�B

�ÒÓÔ�|}EFsªÔ|Õa�ÖÔ×ØÍ

Î�~Ù¡¢£�Ú�+«¬[9]��®D�JK

MACÔ� RTS/CTS×ØÀÅ�Û�dEÜ8ÀÁ


°ÝÞÐÑÏUÆß�à�+«¬[10]Û|}E

Fspqá�ÀÅÐÑ®âU&'+«¬[11]ã¢

£®�|}EFäåÉ��Æ¨gÍÎ+«¬[12]

æ¨gs�dçÅvUèéÐÑÆß���® 2�

êë�ì�äåÉ��í��¨gà�+«¬[13]

8«¬[14]»Zî�������	E¾Z|}E

F���êë�8`ïÐÑ®Æß+ 

ðw�»Z0ñ�����	823,-É�

|}EFÖÔ!"òó/�ôõö�¢£+�0ñ

�����	
��(%�Æß)*÷ø ���

������(%�ùúäå÷û NôN���

��5+ük�&'��������Dý4þ%

��÷��¿mE�_����à�+«¬[15]�

�����à��$%�0O��Ca�º×Ø


��,�	�
ôT��B�Zh������	

é�i
�U+x(%�D� �I���ýÖÔ

Æßà��Z��ÐÑÆß`��ó/&'���

ST��8�Ó��+w�����	
�ST�

�8�Ó����lô����õ
D�E+¤�

Û�ý��&'���|}J,^_s�S���

_u����iD�x�+R«Û� 2�E�d&

'���¿mD�x�������
[16]
éÐÑÖÔ

Æß+R«��¬@%�h� 

1) »Z|}J,��	��®D�ÖÔ!"

^��Û¨gb
°ÝÞÇ�dEÜÐÑÏUÆß� 

2) s«¬[12]­iÈ� �R«»ZNôN�

��5�*�ùú�Z�����ÐÑ®Æß� 

3) s«¬[15]­iÈ� �R«�mh`��

,-��rº �!���IE�_÷m��Uh

������	� 

4) R«&'®���ST�d8�Ó�d�¿

mD�x�������
[16]
éÐÑÖÔÆß+ 

2  ���� 

2.1  ���� 

"�DO0ñ������	+�	
���

¿F���0ñ��"#$��+%O��/D&

'(���wr�á)���d+*��	
¿m

+h TDMA�MAC|Õ�%O���¶·EÜ�

`,
L-8ST��EÊ�f.`aãÐ�/0

12+iÈ§¨a�34�I56i"+7*�,

-~�829:;23,-�<=~¦>?<=+

@A ��,-B���O`,
ó/�ß��i

È`,aCÀ�ß+ 

mDOD G(V,E)éEF)O�	+f
�VG

H��FU�E GH§¨FU+���)~|V|=N,

§¨�)~|E|=M+Zh"��q��b)���

Z(s, d)�! Ω~ sô d��/¨gFU+Zhf

IDä¨g ω�! siP ~ ω�J iñ§¨L-���

���d+ totP ~ ωª�/������� endP ~ ω

�NôN�EÊËÌd+gh Z¨gb
°ÝÞ

8�dçÅÐÑÏUÆß�B�Æß)*  

 
s

tot,
min

iP
P

ω Ω∈ end ss.t. 1P Q−�  (1) 

f
� sQ  $%KL�NôN��EÊ����

d�@A "�� QoSB�+ 
2.2  �������	
� 

��é�Ä¿mÀÁ
°ÐÑ|}EF�À

Å+s�S��^_iÈ� �|}EF¨g�%

Dñ� DO|}EF�M+|}EF�MgL-

�� x�ST�� y IÇ m ON�
°��

1R , 2R ,O, mR Ê��¤D 1�H+� mO
°��


�P/DO���QRS
°TL�S<+�O

�� %U x L-��EÊ`�&�
°��ô x

8 y�§¨1VÝ�é�+.�KW¤É+ûL-

�� x%��DO��EÊ"ST���`X�Y
Z[\]DO RTSçÅ^+
°�� 1R , 2R ,O, mR �

IÇST�� y Tô RTS C_�Z[JK RTS �

,<�`�R��sL-��a�ûa�,-1

2,��CSI�+C_ yb÷DO CTS��/
°�



� 9A� �����	
��
������������� �11� 

 

�ST CTS _ÈQ`�ûa�R��sST��

a�,-12,�+C_�%O
°��!cDO

�`��Ð�defg12��`��`h rT s�

��`�� 2O CSI��
i����.� rT �!

c�B&«¬[8]�+û�`�jL`��
°��

\]DO CONFIRM,P���f.
°��Ð�

/012�ôÉDO`,+�Q�k/�
 CSI�

°���!~ iR �Û`��ûa`,TL��E

Ê�ÀÁ+L-��8ST��JK CONFIRM�

I`l
°�����PIÇø��ôL-��

8ST���,-12,�+ 

 
� 1  ��� ��!" 


°��Ý�C_�L-�� xmn����

EÊ+¤�ST�� yo��±²®��EÊ�Y

ÛL-DO ACK "L-��8
°���L-�

�ÛSp��_q���EÊ+rãYÁL-DO

NACK+
°��STô NACKC_�¤�Y�o

�±²Tô���EÊ�stYÛÁ�SÉé��

O`,L-��EÊ"ST��+��P/�$%

�`X	L-,PuR�
°^�v~¸�
°+

«¬[3]wVÃÄ���
°x�É�¸�
°./

�Æ�EF¸¹8noÂd+�ST���N�D

y����
U��ST�MRC��I`��Æ�

Â�+z ��$%ST��{|ST�����

,P�$%õ
��{ea�Zh������	

�� iU��+B��*�ST��%t}JD

O`,ST��EÊ�%t}
°��ST��E

Ê�wi æ� 2¨,PU�èé+ÈQ*�
°

���LM�dsLM��uÈ+B~«¬[16]�

v�GÄ�
°��sLM��EÜuÈ�d~�

�Â�s�Æ�dEÜõuÙ�È`@��®�%

DñL-��8
°��aÐÑ�dEÜné�

à�ª�º 5+ 

¿mÀÁ
°�|}EFÀÅ��I�Ã%D

UL-��EÊ`�� g CSI�
���}~


°+«¬[4]wVÃÄ�ÀÁ
°ÀÅ����Æ�

EF¸¹�m�IÇse`³²^´uÈ�noÂ

d+È`%U��PmDO
°��ÐÑTL�u

��J�0
°^´

��®��8no�@�

�®¿me`³²né���ª�º 5IÇ¦

%��È�5+�� $% RTSbCTS­çÅ,�

�m��IÇ�`�~��`ï+ 

3  ���� 

¤D 1�H+Z[&'Dä§¨�x, y�+! 0N

~��<=�d����h~9:,-�23��+

@A ��h ~�i~ 0�^�~ 1 �º¦>CÀ
��+m sPb rP8 cP E¾GHL-�� x�LM�

dbST�� y�ST�d8�Ó��+h �S

T�� y�,<�~
2

S
0

0

| |GP d h
SNR

N

α−

= +f
�d

~ xs y�/Â���α ¨1�����G D

O��B���G®����¸¹b�¯��­D

ý�QB��67+*�STÀ/DOST�� β�

ûSTÀ�,<�
h�­h β`�STÀ���

�±²Tô���EÊ+rã��EÊÛ���±

²+B��¤��S���§¨�x, y��EÊËÌ

d~ 
2

S 0
e

0 S

| |
Pr 1 exp

GP d h N d
P

N GP

α αββ
−⎛ ⎞ ⎛ ⎞

= = − −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

�  (2) 

&'DOÀÁ
°|}EF�J,�M+!§

¨(x, iR )8( iR ,y)�,<�E¾~ 1iSNR 8 2iSNR �g

h%U��ÝÞ�� CSI�
���}~
°�

B�P/û�S��§¨8�/
°§¨�ÌÂ

�`X���EÊ���	ÁÌÂ+�`EÊËÌ

d~ 

e 0 1 2
1

0 0

s

0 1 0 2

1 s s

Pr( ) Pr( or )

1 exp

1 exp exp

m

i i
i

m
i i

i

P SNR SNR SNR

N d

GP

N d N d

GP GP

α

α α

β β β

β

β β

=

=

=

⎡ ⎤⎛ ⎞
= − −⎢ ⎥⎜ ⎟
⎢ ⎥⎝ ⎠⎣ ⎦

⎡ ⎤⎛ ⎞ ⎛ ⎞
− −⎢ ⎥⎜ ⎟ ⎜ ⎟

⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

∏

∏

� � �

 

©�ÃÄ�û 1ix � � 1,2, ,i n= L �`�/ 

 
1 1

(1 exp( )) 1 exp
n n

i i
i i

x x
= =

⎛ ⎞− − − −⎜ ⎟
⎝ ⎠

∏ ∏�  



�12� �  �  �  � � 31 � 

 

B�� 

 
1 1

0
e 0 1 21 1

1s

1 exp ( )
m m m

i im m
i

N
P d d d

G P
α α αβ + +

+ +
=

⎛ ⎞
− − +⎜ ⎟

⎝ ⎠
∏�  (3) 


°��$%����d  

relay 0 1
1

Pr( ) 1 Pr( )
m

i
i

P SNR SNRβ β
=

⎡ ⎤= −⎢ ⎥
⎣ ⎦

∏� �

0 0 0 1

1s s

1
m

i

i

N d N d

GP GP

α αβ β
=

⎛ ⎞
≈ −⎜ ⎟

⎝ ⎠
∏  (4) 

û m=0`�Z÷� �S���_� relay 0P = +

B� 0 0 0 1
relay

1s s

1 (1 ( ))
m

i

i

N d N d
P m

GP GP

α αβ β δ
=

⎛ ⎞
= − −⎜ ⎟

⎝ ⎠
∏ + 

��&�Dä}q�� sô)���d�¨g�

%Dñ� DO m
°�|}EF�M+h �N

ôNEÊËÌd�IGH~ 

end e
1

1 1
0

0 ,1 ,21 1
1 1s

1 (1 )

1 exp ( )

n

i
i

m m mn

i ij ijm m
i ji

P P

N
d d d

G P
α α αβ

=

+ +

+ +
= =

= − −

⎛ ⎞
= − − +⎜ ⎟

⎝ ⎠

∏

∑ ∏
 

(5)

 

f
� eiP GHJ iñ�EÊËÌd� siP GHJ iñ

L-��8
°���LM�d+ 0id GHJ iñL

-��sST������ ,1ijd 8 ,2ijd E¾GHJ i

ñ
J j O
°��sL-��8ST����

�+¨gª�/�������¡�~ 

tot s relay, s r c o
1 1

E[ ] 2 ( )
n n

i i i
i i

P P P P n P P nP
= =

= + + + +∑ ∑  

 0 0
s r c o

1 1

2 ( )
n n

i
i i

N d
P n P P nP

G

αβ
= =

≈ + + + +∑ ∑  (6) 

f
� rP8 cP E¾�G���ST�d8�Ó�

d� oP �GÐÑ
°ÝÞ������m�+û

m=0� 1`�i$%ÐÑ
°ÝÞ�Bw o 0P = + 

û m>1`� 

o s_RTS s_CTS s_CONF[( )P E E E= + + +   

r_RTS r_CTS r_CONF delay( 1)( ) ] /m E E E E T+ + + +  (7) 

_�7�
� s_RTSE b s_CTSE 8 s_CONFE E¾�GL-

RTSbCTSbCONFIRM,P�$���� r_RTSE b

r_CTSE 8 r_CONFE E¾�GSTRTSbCTSbCONFIRM

,P�$���� delayE �Gï`¡a������

T�GDO`,�`a+ 

Zh_�1�"��Æß)*��I�m��

�>^�ZYÐÑÆß�KW6�+�ô%Dñ�

LM�d8���E¾~ 

 

1
1 11

2 2
s

1

n m
m m

i i i
i

P A x x
+

+ +

=

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∑  (8) 

 

2
1 1

2
tot

1 1

E[ ]

m
n nm

m
i i

i i

P A x B y nK

+
+

+

= =

⎛ ⎞
= + +⎜ ⎟

⎝ ⎠
∑ ∑  (9) 

f
�
1

10 1
s(ln ) m

N
A Q

G

β −− += � 0 ,1 ,2
1

( )
m

i i ij ij
j

x d d dα α α

=

= +∏ �

0 (1 ( ))
N

B m
G

β δ= − � 0i iy dα= + 

û m=0`�Z÷�S���_� r cK P P= + �

û m=1`�Z÷�
°���_� r c2( )K P P= + �

û m>1`�Z÷0
°�_� r c o2( )K P P P= + + + 

4  �������	
��
�� 

~ ô�í��¨g�Zh"�¨gω�Y�
¨g��¡~���� 

 

2
1 1

2

1 1

( )

m
n nm

m
i i

i i

Cost A x B y nKω

+
+

+

= =

⎛ ⎞
= + +⎜ ⎟

⎝ ⎠
∑ ∑  (10) 

&'ô�J iñ
�
°���¢cP67 ix �

B�~®£¨g���í�÷ÝÞ� ix �í� mO

��}~
°+B�
°ÝÞ^�¤É� 
*�L-��8ST��E¾~ x�y� ,x yN  

x8 y�¤¥��FU+ã ,x yz N∀ ∈ �! z xz zyV d dα α= + �

Z zV ÐÑ¦§+ÝÞ�í� m O zV �Y¨�Z÷

���¡~
°�� 1 2, , , mR R RL + 

~ ô����¨g�ÈQ��D�©ªh

Bellman-Fordà��«L_à�+à�¤É� 

1) %O�� x �ZY�%Dä§¨ÝÞ m O


°�m=0`ñK�D��� 

2) %O�� x"àY�%Dä§¨�§¨��� 

 ( ) 22
1

1

( , )
j j

aa m
mm

xy xR R y
j

LC x y d d dα α ++

=

= +∏  

 2 ( , ) a
xy

K
LC x y d

B
= +   

��a���,��IJK¬� HELLO ,�

�;�,<�é"à� 

3) %O�� x JK\]^_s¤¥��×Ø



� 9A � �����	
��
������������� �13� 

 

�x­ô sink���¨g���ôT�� 

 
2

1
1( )

( ) min { [ ( ) ( , )]
m

m

y N x
RC x A RC y LC x y

+
+

∈
= + +   

 2 2[ ( ) ( , )]}B RC y LC x y+  

 1 1( ) ( ) ( , )RC x RC y LC x y= +  

 2 2 2( ) ( ) ( , )RC x RC y LC x y= +  

f
�N(x)GH x�¤¥��FU� 

4) T�_��� xÝÞª_��� y}~Yô

sink�¨g�ªDñ���®�����/��ÝÞ

ö®��_��	
¯��¨gDA��®� 

5) ZhDä���¨g8DO��� QoS�̈

gª%DO���LM�d��Ig_�8���+ 

i°±��}~D�E�_à����à� 

ô� DäU�Æ¨1+z�²GÄ�û α�2`�

��	��/��
�96%Iª�U�Æ¨1s�

Æ¨1 uÈ�+G 1"�® 100m³100m�¼½


��iÈ����8iÈ�2�B�äåÉ��

Æ¨1sU�Æ¨1�´U�d��!+ 

� 1   ����������	
��
�� 

N α = 2 α = 3 α = 4 

80 96.2% 99.7% 99.976% 

50 96.7% 99.8% 99.989% 

20 97.8% 99.9% 99.995% 

 

5  ���� 

1) iÈB���! 

µ¶¼½ N O�����CÀE��(M³

M) 2m �^�·¸�f
�q��8)���E¾¢

h^�·¸�¹ªº8»Éº+¼½B�¤É�

N=100�M=700� 0 70dBmN = − � 0.1G = � 10β = �

2α = � r 1mWP = � c 1mWP = � o c0.1( 2)P m P≈ + �

s 0.99Q = +R«&�� ¿m�S��8|}EF�

�`¨1������
í+|}¸¹~û����


ôÈQ�QoS`��S��8|}EF���$�

���d+gh¨1���{��§¨����a�

��èpõ(%�}m+B��¾DOB��;��

�a��
M

d
N

= +¿ð�û�	 �ÀE�`�d

su¤��a�� u­�+ük�¾Ái�� 0d

~|}¸¹­h 1`�;���a��+ 

Z[�&�>�ST�d rPZ5��67+D

2 "�®�S��8�
°|}EF���$��

�"�iÈST�dxVÉs;�§¨���Â

�+û rP =10mWr;���a��íh 25m`�

v�¿H�S���|}EF��x/Â+�G

Ä�û��u�!Ù`��$�����!í�B

wST8�Ó���m�ÃK®¿m|}EFn

é��������+û;���a��
h 25m

`�|}EFmn��x/Â�B~Cp��a�

��¸������mn����
lx
��

(+|}EF¸¹mnªÄ�ô����l���

�Å
�E`
ôÆ8+û rP =5mW`�Ái��

É�~ 15m�wû rP =1mW`�YÉ�~ 10m+A

B�hûSì��É�`���������


l��(x
�h ���uÈ QoSäåÉ$%

x������|}EF�_��x/��Â

d+ÈQ@�I±ô�|}EF�$��Z rP�

�ßxÇ�+�È/ 2 OAB+D^q��|}

EF
�gh
°��@$%ST��EÊ�B

�$%x0�ST��+üD^q��|}EF


�gh��®eaEF��$%�����x

�+B��|}EF
�ST8�Ó�����

�
�l��(x
+h rP��ßZ|}J,

���Âd67x
+ 

 
� 2  ������	
���
������ 

�D 3 
�&�® SNR Ái β 8��B� G

�^É��¸¹8�¯���Z|}EF5��6

7+��È�;���a��N�~ 100m+}D

�I±��|}¸¹Cp β �¸�w¸�+� 
gh SNRÁiÊ
��$�����Ê
�|}E

Fné�����Ê0+�ô����l���Å


�E`�|}¸¹
ôÆ8+ÈQ}Dª�I±



�14� �  �  �  � � 31� 

 

��ûftB�D�`�GÊíã|}¸¹Êí�

� gh��¸¹Ê
�~
ôÈQ�,<��$

���dÊí�Bw|}¸¹@Êí+ 

 
� 3  �� SNR������� ��!"#$% 

SÉé&� QoS %� sQ 8
°�)Z|}EF

5��67+¤D 4�H�ûQoS%���x¦`�

���@Û¸��È`Ái��ÛÁ��+� gh

û sQ õ¦`�x0���Û�����ª�B�|}

J,Û��x�/Â+ÈQ}Dª@�±���S�

����5�Z sQ ��ßx�Ç�+AB�h���

S���_
���������
lx
��(�

B� sQ �>�ÛZ���~�x
�67+ 

 
� 4  �� QoS&'	
���
������ 

D 5ÐD�EF®�iÈ
°�)äåÉ|}

EF�5�+µ¶`;�����~ 100m�
°
��)E¾!~ 0,1,2,3,4,5N = �f
� 0N = GH

�S��� 1N = GH�
°|}EF+v�GÄ�
Zh QoS%�i õ¦�¼U��
°^´���
ªx�/Â+wû sQ �GH QoS B�¸�`��

Æ
°�)ÛÁu÷¸
+�GÄ�ghÀÁ
°

ÀÅ{�D��m��B�P/û QoS%��!


`	�èô}m+B��R«�Eµ@�I}~�

"�¼½É���Æ
°�)�DOB&+ 

 
� 5  ��()*+ ,�-#$% 

2) sft�í��|}EFà���! 

~®ËHZ|}EFÐÑÖÔÆß�Â��Z

ü 2 �Ù¡����í��|}EF¨gà�[12]

@ÐÑ®µ¶��sRà�ÐÑ®�!+� 2�à

�E¾ �í��|}¨gà��MPRC�8�Ì

¨1|}¨gà�+� 2�à�� ��ÃD�ê

ë�a�ÉZNôN�����ÐÑ�Æß+

MPCRJKZ¨g8�dçÅÐÑÏUÆß��Í

Dä|}¨g+w CASNCP ã©ªhw/�
0

�|}¨g�[&��S���äå Dä�í�

�¨g�ð_�w{�¨g�+Îª¿m|}E

F+�µ¶
�N=50�M=100�f.B��sª

D�µ¶�¼½B�DÏ+R«ÐÑ® 1 000Uµ

¶�Zv�ÐÑ®;�+D 6 "�®iÈ QoS B

�É 3 �à�����!+s MPCR u��R«

���ÖÔ!"à���� 24%���+�È/ 2

OAB�ÐMPRC ~êë�ì��x�!"��

B�Y��ñ����d� u­��w�R«�

à�È�NôN�����d "����ñ��

��diD�u­��IÐÑÆß�ÑMPCRó/

&'���ST��8�Ó���ÒÒ Z���

�ÐÑ®�Æß����iD� �Æ�ÓMPCR

ÒÒ&'®�
°�xV�ó/&'0
°�w�


°iD� �Æ+Iª 3OAB��R«�à�

Æh MPCR+üD�|}¨gà� CASNCP�s

R«�à�u�0�� 45%~50%����s

MPCR u�0�� 27%~32%���+� gh

CASNCP  [�Í�S���Æ¨g�Ô�w/

¨g+ÎªÝÞ
°�÷m|}EF+B�¨g

ÝÞ8|}EFó/ÐÑÖÔÆß+�Qª��

Æ|}¨gs�S��`��Ì¨1¨g�� 

iÈ�+ 



� 9A. /01234567�89#��:;<=>?@A �15� 

 

����1978-�������	
�

��
����������������

������� �!"#$%&'(!

)*�+, 

 
� 6  ��BA#CD�� 

6  ��� 

»Z0ñ������	�JK&��S��

�_8|}EF���_É���������

$��sNôN����5� QoS�*�Â��Z

|}EF�¨gb
°ÝÞ8�dEÜà�ÐÑ®

ÏUÆß����®D�­�E�_à�+µ¶v

�¿H�&'������ST��b�Ó��8

çÅm��|}EF���m�s����{�D

OÕ
��OÕ
Ö×hDý�	B��Ø¤;�

��a��bQoSB�b
°��IÇ��ST�

�­­+�;���a��!í`��S����

�ÂdÆh|}EF���Âd+µ¶v�ÈQG

Ä�sÙ¡���Ù�|}EFà�u��¿m+

hÀÁ
°�ÖÔ!"^��Ä¿������+ 

����� 

[1] AKYILDIZ I, SU F, SANKARASUBRAMANIAM W, et al. A survey 

on sensor networks[J]. IEEE Communications Magazine, 2002, 

40(8):102-114. 

[2] NOSRATINIA A, HUNTER T E, HEDAYAT A. Cooperative commu-

nication in wireless networks[J]. IEEE Communications Magazine, 

2004, 42(10):74-80. 

[3] HONG Y, HUANG W, CHIU F. Cooperative communication in re-

source-constrained wireless networks[J]. IEEE Signal Processing 

Magazine, 2007, 24(3): 47-57. 

[4] SENDONARIS A, ERKIP E, AAZHANG B. User cooperation diver-

sity part I and part II[J]. IEEE Trans on Communication, 2003, 

51(11):1927-1948. 

[5] LANEMAN J N, TSE D N C, WORNELL G W. Cooperative diversity 

in wireless networks: efficient protocols and outage behavior[J]. IEEE 

Trans on Information Theory, 2004, 50(12): 3062-3080. 

[6] LANEMAN J N, WORNELL G W. Distributed space-time-coded 

protocols for exploiting cooperative diversity in wireless networks[J]. 

IEEE Trans on Information Theory, 2003, 49(10): 2415-2425. 

[7] BLETSAS A, KHITSI A, REED D P, et al. A simple cooperative 

diversity method based on network path selection[J]. IEEE Journal on 

Select Areas Communication, 2006, 24(3): 659-672. 

[8] SADEK A K, SU W, LIU K J R. Multimode cooperative communica-

tions in wireless networks[J]. IEEE Trans on Signal Processing, 2007, 

55(1): 341-355. 

[9] ZHOU Z, ZHOU S, CUI J H, et al. Energy-efficient cooperative 

communication based on power control and selective single-relay in 

wireless sensor networks[J]. IEEE Trans on Wireless Communications, 

2008, 7(8): 3066-3079. 

[10] CHEN W, LETAIEF K B, CAO Z. A unified cross-layer framework 

for resource allocation in cooperative networks[J]. IEEE Trans on 

Wireless Communication, 2008,7(8): 3000-3009. 

[11] CUI B, LIN D, CIMINI L J. Routing strategies in multihop 

cooperative networks[J]. IEEE Trans. on Wireless Communication, 

2009,8(2): 843-855. 

[12] IBRAHIM A S, HAN Z, LIU K J R. Distributed energy-efficient co-

operative routing in wireless networks[J]. IEEE Transactions on Wire-

less Communications, 2008, 7(10): 3930-3941.  

[13] GE W, ZHANG J, XUE G. Joint clustering and optimal cooperative 

routing in wireless sensor networks[A]. Proceedings of IEEE Interna-

tional Conference on Communications (ICC’08)[C]. Beijing,China,2008. 

[14] URGANONKAR R, NEELY M J. Delay-limited cooperative commu-

nication with reliability constraints in wireless networks[A]. Proceed-

ings of IEEE Conference on Computer Communications (INFO-

COM’09)[C]. Riode Janeiro, Brazil, 2009. 

[15] LE L, HOSSAIN E. Cross-layer optimization framworks for multihop 

wireless networks using cooperative diversity[J]. IEEE Trans on 

Wireless Communications, 2008, 7(7): 2592-2602. 

[16] SADEK A K, SU W, LIU K J R, On the energy efficiency of coopera-

tive communications in wireless sensor networks[J]. ACM Trans on 

Sensor Networks, 2009, 6 (1): 5-26.  

 

����	 

 

 


��1983-����-./0
���
�����

������������������ �!#123&

'(!)*�+, 

 

�
��1958-����4�56
���
����

��789���:;�������������� &

<=>?@9MEMS���9RF-MEMS&#123, 


