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1 Ú ó

Ã � D a ì � ä (wireless sensor networks,
WSN) ´diÿ«�S�þ�äkêâæ8!
êâ?nÚ&EÃ�DÑõU�Daì!: (sen-
sor node, SN)!äkêâ=uõU�¥U!: (re-
lay node, RN) ±9äkêâ®à�^��'!
: (gateway node, GN) �Ó|¤. SN a�!æ8
Ú?n�äCX«�S�&E, ÏL RN |¤õa
��ä/ª�ªòêâDx� GN[1]. TEâ´&
E�Æ+�¥#,Æ��DÚÆ���nÜ�(
J, 3�¸iÿ!��¥)!�U[Û��¡kX
2��A^cµ [2]. Cc5, 'u WSN �ïÄ�
¹Ãõ�¡. ~X3�ä��`zEâ, �)õa
U�5´d�ïá [3]!êâàÜ [4] Ú©?��
äÿÀ�� [5]; 3êâó´��ïÄÌ��)-
E�;�!ÑÑõÇ�� [6]!�s�f���z
� [7]; 3A^��ïÄKkg·A5-¹!:ÚK
1²ï� [8].

¯¤±�, ��¢^. WSN Ý\A^¡��
Ä�¯KÒ´�ä¥�a!:�ÙÛ¯K, ·�
±^u/c��iÿ� WSN �~. ^uiÿ�è
�&E� SN SC3/c��S9, ÙÙÛ �d
¢SI¦û½, ù
 SN |^Ã�Ï&��ªrÂ
8��êâ²d��S9þ� RN ®o� GN, ,
� GN rêâ8¥Dx�ÑÖì�C�. ·��±
wÑ, SN � GN  �´�é�½�, �
�y SN
u GN �mêâDÑ���5, Ó�)û SN � GN
�målL����UÑLp�¯K [9,10], Ò
I�3Ù�mÜn/�� RN, ùÒ´��KïÄ
� RN �ÙÛ¯K [11,12].

8cIS	'u RN ÙÛ¯K�ïÄÌ�´
±´d(��I¦Ú±�äCXëÏ5�I¦
ü�a.

1) ±´d(��I¦�ïÄ: �±©�ü��
ä(� (single-tiered) ÚV��ä(� (two-tiered)
üa. 3ü��ä(�¥, SN Øæ8êâ	�ä
k=uÙ¦ SN êâ�õU; V��ä(�¥, SN
=Uòg�¤æ8�êâDx� RN ½ö��D
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� GN, ØU=x5gÙ¦ SN �êâ.
2) ±�äCXëÏ5�I¦�ïÄ: �±©�

÷v�äëÏ5Ú�äN�5üa. ±�äëÏ5
�8I� RN ÙÛ�.¥, =I�yz� SN Ú GN
�m�ëÏ5=�; ±�äN�5�ÙÛ8I��
.¥, ��y SN Ú GN �m���3ü^Ø��
�Ï&´» [13−16].

�uV��ä(��\�Cu8c¢^.
� WSN, q�Ä���A^�¸e WSN �N�
5 [17,18], �©=ïÄV��ä(�e�!÷v�
äN�5I¦� RN ÙÛ�{.

2 �.£ã9�'ïÄ

·��éV� WSN �.�XeØ���5�
{z£ã:

1) ^ x Ú y L « î A p � ² ¡ S � ü :,
^ d(x, y) L«ü:�m�ål;

2) ^8Ü SN = {SN1,SN2, · · · ,SNn} L«�
½�©Ùu��²¡S� n � SN, ÙÏ&�»P
� r > 0, ¿�®�ÙäN�I;

3) ^ RN = {RN1,RN2, · · · ,RNm} L « ÿ
À RN, ÙÏ&�»P� R > r;

4) ^ GN = (xg, yg) L« GN ��I&E.
@oV� WSN ��äÏ&A:£ãXe:
1) éu?¿ SNi ∈ SN, Nj ∈ RN ∪ GN, XJ

�3 d(SNi, Nj) 6 r, K SNi U� Nj �pÏ&;
2) éu?¿ RNi ∈ RN, Nj ∈ RN ∪ GN, XJ

�3 d(RNi, Nj) 6 R, K RNi U� Nj �pÏ&;
3) éu?¿ SNi ∈ SN, SNj ∈ SN, =¦�

3 d(SNi,SNj) 6 r, SNi � SNj �ØU�pÏ&.
IS	�éþãV��ä(�� RN ÙÛ�

{�L�þ�ïÄ. Hao � [17] é�Ñ
 R > 2r

��/e5U'� o(D log n) ��8Ï`�{ (Ù
¥, D � WSN iÿ«���», n � SN �ê8).
Tang � [19] �Ñ
 R > 4r � SN þ!©Ù�¹
e� 4.5 ~êCq�{. ©z [20] K?Ø
¹k
ÄÕ� WSN N�5��¯K, ¿òd¯K=z
��� k ëÏ�| fã, /Ï Harary ã� k ë
Ï5�¦V\��ê8� RN, �OÑ
5U'
� o(n5k2) �ÙÛ�{, ¦�¤k SN!ÄÕ�m
þ�3 k(k > 2) ^pØ���Ï´, l�½§Ý
þOr
 WSN XÚ�N�5. ©z [21] �Ñ

�� o(1) Cq�{, 3T�{¥�öÃØéu SN,

RN �´ GN þæ�
 2 ë���ä�ï�ª. ©
z [22] JÑ
'u RN ÿÀ�� �8Ü�Vg,
ïÄ
¹k�å^�� RN �ÙÛ¯K. aq/, ©
z [23] ��Ñ
��!:m��pZ6¯K, ±9
�U�3� RN ÙÛB«�¯K.

nþ¤ã, 8c�õê RN ÙÛ�{�ïÄg
´þ´ò RN ÙÛ�.=z� k ëÏ (k > 2) �V
CX¯K, �3ÏLÙÛ��êþ� RN 5�¤�
ä�ëÏ5, ¿ÏLÙÛ¦ SN Ú GN �mäk k

ëÏ55�y�ääk�½�N�5. ÏdÏ~�
¹e� RN ÙÛ�{k±eü«µdIO:

1) I�ÙÛ� RN ê��;
2) ÙÛ�¤��ä�Ï&´»�á.
, , þ ã µ d I O � Ñ 
 ¢ S � U � 3

� RN Ï&Nþ���¯K, Ó�vkò�ä�
Y$1L§¥�¢SõÑ�¹�Ä3S. �d, �
©òõ�å^�Ú\yk RN ÙÛ�., lU�5
�ÝéÙ?1
`z, JÑ
ÄuqÞ{��8Ï
`{(Ü� RN ÙÛ�{, )û
8c�{�3�
Øv.

3 ¢^. RN ÙÛ�.�`z

3.1 ÏÏÏ&&&´́́»»»���ååå^̂̂������UUUõõõ

8c WSN � RN ÙÛL§¥, éÏ&´»�
Ä��å^�´!:�Ï&�». ��!:ï
Ä�ä�ïÐÏ, 3 SN � GN  �®²(½�c
Je, ·�3�y�ä�ëÏ5!��5�Ä:
þ, l~��ä�NUÑ±9ü$�ï¤��ÝÑ
u, � RN ÙÛ�.Ú\��#��å^�: 3ý
� RN 8Ü¥ÀJÜ·� RN ÙÛ �, �y�ï
�¤��äl?¿�� SN ²��½õ� RN �ª
�� GN �m�êâÏ&´»DÂ��þØ�3
_�DÂ. �d·�éÏ&´»Ø�_�äÏf½
ÂXe:

Re dir 1 =
〈SNi,RNj〉 · 〈SNi,GN〉

|〈SNi,RNj〉| · |〈SNi,GN〉|
, (1)

Re dir 2 =
〈RNi,RNj〉 · 〈SNi,GN〉

|〈RNi,RNj〉| · |〈SNi,GN〉|
, (2)

Re dir 3 =
〈RNi,GN〉 · 〈SNi,GN〉

|〈RNi,GN〉| · |〈SNi,GN〉|
, (3)

þª¥, 〈SNi,GN〉 L«� SNi � GN ��I�
þ, òÙ���äÏ&´»Ø�_5�ÄO�þ,
〈SNi,RNj〉 L«� SNi ��Ù��� RNj ��I
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�þ, 〈RNi,RNj〉 L«êâÏ&´»þ?¿ü�
��� RNi Ú RNj �m��I�þ, 〈RNi,GN〉
L«ÏÏ&´»þ�"�� RNi � GN �m��
I�þ.

¤¢Ï&´» “Ø�_”, ´�l SN � GN
�U÷X�����¤Ï&´», = (1)—(3) ª
¥ Re dir 1, Re dir 2, Re dir 3 þ��K�. Ï&´
»Ø�_�äÏfØ=�y
 RN ÙÛ�¤I�
� RN �ê¦þ�, XÚ�ï¤�¦þ$, Ó��y

 RN ÙÛ�¤� SN � GN �mÏ&´»�¦þ
á. Xã 1 ¤«, ´» 1 ¤�9�¤kÏ&´»_
���äÏfþ���, �÷v “Ø�_” ù�Ï&
´»�å^�. ,éu´» 2 ó, d RN5 � GN

_���äÏf Re dir 3 =
V2d · Vref

|V2d | · |Vref |
< 0, ¤±

d SN � GN �m�´» 2 Ø÷vT´»�å^�.

ã 1 Ï&´» “Ø�_” `²«~

3.2 µµµddd���ååå555���äää���###IIIOOO

3 3.1 �!0�
3z� SN � GN Ï&´»
ÀJ�, Ú\
Ï&´»Ø�_��å^�, 3d
Ä:þ�z� SN é�ÎÜ�å^��Ï&´».
lJp�äN�5�ÝÑu, 3�ï�ä���y
�� SN k²Lü�Ø�3 RN �8�Ï&´»|,
±�y3�^Ï&´»Ñy�æ�, ,	�^Ï&
´»E�±�y�ä�ëÏ5, /±¢yêâ��

�DÑ.
3 WSN �¢S$1L§¥, RN ���$1G

¹¬K����äÏ&���§Ý, �dJÑ
X
e#�µd^�: � RN �êâ=xÇØU�LT
!:¤�½���êâ=xÇ (Ï&Nþ). ·��
é RN �êâ=xÇ βi ½ÂXe:

βi =
n∑

j=1

αj , (4)

ª¥, αj �²d RNi �å© SNj �êâu&Ç.
·��Ñ��äN¢~é (4) ªÐm`². X

ã 2 ¤«, d´» 1— ´» 4 |¤N�5�ä, Ù
¥²d RN4 =xêâ� SN =k SN1, e SN1 �ê
âu&Ç� α1, @oUì RN êâ=xÇ�½Â�
� RN1 �êâ=xÇ� β1 = α1. Ón, d (4) ª�
� RN2 �êâ=xÇ� β2 = α1 + α2; �daí,
RN3, RN4, RN5 �©Où�O��� β3—β5. XJ
¤k RN �êâ=xÇ β1—β5 þØ�u5½��
�êâ=xÇ γ1—γ5, K�ä½T�ä÷v RN Ï
&Nþ�ù��å^�.

ã 2 Ï&Nþ`²«~

3.3 µµµddd RN ÙÙÙÛÛÛ���{{{���###IIIOOO

�©1 2 !¥�Ñ, 8c�õê RN ÙÛ�{
�µdIOÄ�þ´l WSN �ïÐÏ�Ý\¤�
Ñu, @½3÷v�äN�5cJeæ^� RN ê
��K�{�`. w,, ù«µdIOvké RN
ÙÛ�¤�����ä�õÑ�¹\±©Û, �
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©�e5�éù�Ï�?1©Û, ¿�Ú\�å
5 RN ÙÛ�{#�µdIO.

Ã�uxÚ�Â!:�mõÇ'X�Xeª
¤«:

PR =
PTGTGRλ2

(4π)2d2L
, (5)

ª¥, PT, PR �uxÚ�ÂõÇ; GT, GR ´ÂuU
��OÃ; d �Âu!:må; L ��DÂÃ'�X
Ú�ÑÏf (L > 1); λ �Å�.

b�÷v�Â!:U
�(iÿ¿U^|)
è&Ò���õÇ� P0, =k PR = P0, Kux!
:���uxõÇ�

PTm =
P0(4π)2d2L

GTGRλ2
. (6)

d (6) ª��, uxõÇ�ål�²�¤�'
'X. �8cïÄ� RN ÙÛ�{Ø±�� RN ê
�µdIO	, k��±Ï&´»ål�á�Ù
Û8I. w,, TµdIO¿ØU�y���ä�
UÑ��. �d, �©JÑ
 RN ÙÛ�{#�µ
dIO: 3÷vþã�äµd^��Ä:þ, ¦�
äålÏf��K�{�`. ·�é�äålÏ
f dis fac ½ÂXe.

½Â 3.3 �äålÏf dis-fac:

dis-fac =
n∑

i=1

d2
(i,path1) + d2

(i,path2)

2 · d2(SNi,GN)
, (7)

ª¥, d2
(i,path1) + d2

(i,path2) L« SNi ¤À�Ï&´
»|ü^´»ål�²�Ú; d2(SNi,GN) L« SNi

� GN �mål�²�.
du (7) ª¥ò SN � GN ÙÛc�Ð©ål

�Ä3S, ¤±�� dis-fac µdIO�JÑ�±k
���Ï� SN ål GN må�ÉL�E¤ RN Ù
Û�ØÜn, ¦���ä�UÑ�éþï. Ó�, T
µdIO���±�8c±�� RN ê�µdI
O�Ån�(Ü. 3¢�L§¥, �±ÏL¯k�
½ RN êþþ�, ¦�T��^�e÷v�� dis-
fac �ÙÛ�ä, 5¢y~�XÚ�ï¤�Ú�y
�ä¢S$1�ãXÚõÑ�$�VÙ��J.

4 RN ÙÛ`z�{��O¢y

Lin � [24] y²
 RN ÙÛ¯K´�� NP-hard
¯K, Ta¯K´;.��ê�{¯K, ÙO�þ
� T (L) = o(2kL) (k ����~ê), w,¬�X¯
K5��O�, ÙO�þ¥�êO�. �©¥·�

3dÄ:þé RN ÙÛ�.qÚ\
Ï&´»Ø
�_!êâ¥=gêþ�!RN Ï&Nþ��å^
�, �ÙO�E,Ý�¬�X�ä5��O�¥
�êO�, ¦�TÙÛ�{J±3k���m!�
mSéÙÛ¯K¦Ñ�`). �©ò�é WSN �
ïÐÏ, Äu SN � GN  �®²(½�cJeX
ÛÙ� RN �¯K±9Q��ä¥ RN �J\�N
�Ånü�¡`²�A�{¢y.

4.1 ���äää���ïïïÐÐÐÏÏÏ RN ÙÙÙÛÛÛ���{{{���¢¢¢yyy

4.1.1 �{o6§�O
�é RN ÙÛ�{�3�O�E,5¯K, �

©æ�±e¦)üÑ: 3O����mS|^qÞ
{¦) RN ÙÛ�°(); 3O����m�	|
^éuª�{¦) RN ÙÛ�g`). �ä�ïÐ
Ï RN ÙÛ�{�¦)o6§©�±e8Ú:

Ú½ 1 Ñ\ SN 9 GN ��'êâ;
Ú½ 2 Ñ\ RN �ÀÙÛ«���, éÿÀÙ

Û«���z?n��ÿÀ RN �I&E;
Ú½ 3 �½O����m, ?1qÞ{¦)°

()�O�;
Ú½ 4 eO����m��, �é���ä�

âc©�äµdIO?1ÀJ, �Ñ RN ��` 
�, eO����m��, K=�Ú½ 5;

Ú½ 5 (å°()�¦)?§, m©éuªÙ
Û�{�?§, lO����g`)û½ RN �Ù
Û �;

Ú½ 6 �{(å.
'uÚ½ 2 ¥ÙÛ«���z?n�Xe

�`²: ò RN ÿÀÙÛ«�?1��Gy©,
ò RN Ù�3�������:þ, ����y©
Uì SN Ï&ål� 1/2—1/3 �måy©, ¿��
±ÏL[z��5Jp RN �ÙÛ°Ý.

4.1.2 °()O�6§�O
�é��5�� WSN, �U3k��O��

mS�¤ RN �ÙÛ��`)O�, Ïd�éd5
�e� RN ÙÛæ�qÞ{?1¦), äN6§[
æ^±eoÚ:

Ú½ 1 O�Ñz� SN �¤kÿÀÏ&´»,
¿O�Ñ¤k��UÏ&´»|;

Ú½ 2 �z� SN ÀJ��Ï&´»|, �¤
¤k÷v�äµd#^���ä;
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Ú½ 3 lþãJ���ä¥ÀÑµd�`�
�ä, ���`);

Ú½ 4 �{(å.

4.1.3 g`)O�6§�O
�8Ï`�{´�©õ�åN�5 RN ÙÛ

�{�Ø%. �8�{��´l��Ð©G�Ñu,
�â�cÛÜ�`üÑ, 3÷v�å^��¹e,
����U
�¯/���¦��1). w,T�
{�±÷v�½A^�¸e�¯�5, �"��Û
Ï`Ån, �d·���8�{Ú\�ÛJ`Ån,
�
U
3Ün�O��mS��-<÷¿� RN
ÙÛ�J, �O6§Xe:

Ú½ 1 �z� SN O�5½êþ�ÿÀÏ&
´», ¿O�5½êþ�ÿÀÏ&´»|;

Ú½ 2 z�� SN �glÚ½ 1 ���5½
êþ�ÿÀÏ&´»|ÀJ��´»|�¤��
÷v�äµd#^�¿�µd�`��ä, ¿rT
�ä��g`)�ä;

Ú ½ 3 � ½ � � S � g ê, ¿ m © 1 �
gÌ�;

Ú½ 4 �ÅÀJ�� SN, O�ÑT SN �|
#�ÎÜ´»�å^��´»|;

Ú½ 5 �ég`)�ä, O�Ñ��T SN �
#´»|��ä, ¿��6½);

Ú½ 6 �äT6½)´Ä÷v�äµd#^
�, ÷vKa=Ú½ 7, ÄK=�Ú½ 8;

Ú½ 7 Uì�äµdIO(½6½)´Ä`
ug`), e6½)`ug`), Kò6½)�#
�g`), ÄK=�Ú½ 8;

Ú½ 8 ����S�gê=�Ú½ 9, ÄK=
�Ú½ 4;

Ú½ 9 ÑÑÌ�(å��g`), ���ª
� RN ÙÛ�Y.

4.2 QQQ������äää RN JJJ\\\���{{{���¢¢¢yyy

duiÿ«��Cz½N�¬Ø�;�u
)ØäV\#� SN ?\�ä��¹, ù�ÒI
�3¦þØC��c�ä (Q��ä) ��Da
ì � Ï & ´ » � c J e, � ¢ y � ä ¥ RN �
N��J\. �d, �©�O
XeäN�O�
Ú½:

Ú½ 1 Ñ\Q��ä±9#J\ SN ��I
êâ;

Ú½ 2 �é#J\� SN, ÄuQ��ä¥y
k� RN O��U�Ï&´», ¿âd¦Ñ¤k�
ÿÀÏ&´»|;

Ú ½ 3 ò Ú ½ 2 ¥ O � Ñ � ÿ À Ï & ´
» | ë Ó Q � � ä � Ï & ´ » | � ¤ # � �
ä, ¿ é T # � ä ? 1 RN Ï & N þ � å ^ �
��ä, e÷vT^�?\Ú½ 4, ÄK?\Ú
½ 5;

Ú½ 4 ÃIéÄ RN �J\�N�Ån, �ä
EU�¤��Ï&��?\Ú½ 6;

Ú½ 5 éÄ RN �J\�N�Å�, æ^��
ïÐÏ RN �ÙÛaq�qÞ��8Ï`�{�
(Ü�·ÜüÑ, �XJ\��� RN êþ���
�K��¤�Y RN �J\ó�;

Ú½ 6 �{(å, ÑÑ�ª� RN J\�N�
�Y.

5 �ý¢��©Û

�ý�¸��Xe: 300 m × 250 m � WSN
iÿ«�Sk 1 � GN(b½ÙÏ&�»� R =
100 m)!10 � SN (b½ÙÏ&�»� r = 100 m).
3¿©�Ä RN ÙÛB«�, b� RN �±ÙÛ3
ã 3 ¤«�Ý/ÒK«�S��A�G��:þ,
TÿÀÙÛ«�²��z?n���ÿÀ RN �I
9®�� SN, GN �IXL 1 9L 2 ¤«. �e5,
�©ò�éJÑ��{5U?1�'�y�é'
5¢�. 3 MATLAB R2008b �ý�¸e, ?1e
ã�ýé'¢� (�'ã~`²Xe: ¨ L« GN,
• L« SN, ¤ L«ÿÀ RN, ¥ L«ÙÛ�Y(½
� RN).

ã 3 WSN iÿ«�S�!:©Ùã
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L 1 SN �I

!:SÒ SN1 SN2 SN3 SN4 SN5 SN6 SN7 SN8 SN9 SN10

(xi, yi) (55,20) (90,0) (125,0) (155,0) (195,0) (225,20) (20,50) (20,20) (260,20) (260,50)

L 2 GN 9ÿÀ RN �I

!:SÒ (xi, yi) !:SÒ (xi, yi) !:SÒ (xi, yi) !:SÒ (xi, yi)

GN (140,210) RN9 (70,70) RN18 (140,105) RN27 (210,140)

RN1 (35,35) RN10 (105,70) RN19 (175,105) RN28 (245,140)

RN2 (70,35) RN11 (140,70) RN20 (210,105) RN29 (35,175)

RN3 (105,35) RN12 (175,70) RN21 (245,105) RN30 (70,175)

RN4 (140,35) RN13 (210,70) RN22 (35,140) RN31 (105,175)

RN5 (175,35) RN14 (245,70) RN23 (70,140) RN32 (140,175)

RN6 (210,35) RN15 (35,105) RN24 (105,140) RN33 (175,175)

RN7 (245,35) RN16 (70,105) RN25 (140,140) RN34 (210,175)

RN8 (35,70) RN17 (105,105) RN26 (175,140) RN35 (245,175)

5.1 ÙÙÙÛÛÛ���{{{���888555���yyy

�© 4.1.3 �!¤ã��8Ï`�{6§¥�
Ú½ 1 ù�£ã: �z� SN O�5½êþ�Ï&
´»|, ¿�3Ú½ 3 ¥���A���S�g
ê (P� Max-times) 5¢y RN ÙÛ�{�ØäÏ
`. ·�b��z� SN O� 3 ��ÀÏ&´»
|, �yz�Ï&´»|¥þkü�l SN � GN
Ø���P{Ï&´». 3 RN ÙÛ�{�µd
IO�¡±8c�õêÙÛ�{¤æ^��äÙ
Û¤I���� RN ê (e©P� Min-RNs) ��
ÙÛ�{�µdIO, ¿�-z� RN �õ�±
=x5go� SN �iÿêâ, 3 Max-times =
100 Ú Max-times = 10000 � ¹ e © O ? 1
�ý.

Xã 4 ¤«�S� 100 g��ý(J, �IÙ
Û 16 � RN, ã 5 K´S� 10000 g��ý(J,
Ù=I 13 � RN =��¤ RN ÙÛ. Ïd·��
±wÑ, 3�½�m�ÝS, �±ÙÛ¤I�� RN
�ê��{µd8I�, �XÙÛ�{$1S�g
ê�O\, dÙÛ�{��85���{�ª�Ñ
�ÙÛ�YI�� RN ê�Czª³´ò¬Åì
~�.

ã 4 100 gS����ý(J

ã 5 10000 gS����ý(J
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5.2 ÏÏÏ&&&NNNþþþ������éééÙÙÙÛÛÛ(((JJJKKK���������yyy

�© 3.2 �!lOr�ä¥ RN ��ó��
�5��ÝÑuÚ\
 RN Ï&Nþ��äµ
dcJ, =�äz� RN �êâ=xÇþØU�L
T RN ¤�½�Ï&Nþ. �Bu�ý©Û, ùp�
XeØ���5�{z?n, b��ä¥z� SN
�êâux±Ï�Ó, �z� SN �êâæ8þ
�Ó, @o, RN �Ï&Nþ (e©P� Max-com-
cap) Ò�±^²dT RN =uêâ�#N� SN
����ê¤�O. �e5, ·�E± Min-RNs �
� RN ÙÛ�{µdIO, - Max-times = 1000,
3 Max-com-cap = 4 Ú Max-com-cap = 5 ^�e
©O?1�ý.

Xã 6 Ú 7 ¤«�ØÓ RN ÏÕNþéA RN
ÙÛØÓK��é'�ý(J, Ù¥ã 6 �ÙÛ�
YI� 14 � RN, ã 7 ¤«�ÙÛ(J=I� 13
� RN =��¤ÙÛ. ©ÛXe: du RN Ï&Nþ
�O�¿�Xü� RN �±Dx�õ SN �êâ,
�ã 8 ¤«� RN ÙÛ�Y�ã 7 �', I��Ù
Û 3 � RN =��¤�äÙ�, ¢y�ä¥!:�
N�5ëÏ. ù`²�©JÑ� RN ÙÛU?�{
�±�t/���ä¥�� RN �Ï&Nþ, ¿�
ÙÛ�{¬��â��� RN Ï&Nþ�ØÓJ
ø�A�@�ÙÛ�Y.

ã 6 �� Max-com-cap = 4 ���ý(J

5.3 ÙÙÙÛÛÛ���{{{UUU���555ééé'''©©©ÛÛÛ

c© 3.3 �!J9#��äµdIO: �äå
lÏf (dis-fac) ��K�{�`. Ï���Kl�
y�ä��5��ÝÑu�z� SN O�
dü
�pØ���Ï&´»|¤�´»|, Ïd�
B
u'��Yü«µdIOØÓ�!U�J, ·��

Xe`²: e©��ýØØéu���ä´»�
Ý (e©P� min-dis) �´���äålÏf (e
©P� min-dis-fac) ��'O�, þ´¦�
 SN ü
^Ï&´»�Aëê�þ�. d (6) ª��, !:�
mÏ&�UÑ�Ï&ål�²�Ú´¤�'�, Ï
däN��ýé'ëê·�À�ÙÛ�¤��ä
�ål²�Ú Net-Dis2, ÙO�L§Xe: Äk�
éz� SN �ü^Ï&´»©O¦�Ï&´»þ�
ãål�²�Ú, ,�ü^Ï&´»éA�²þ�.
ùp©O± min-dis Ú min-dis-fac ��µdIO?
1
 Max-times = 1000 Ú Max-com-cap = 4 ^�
e�é'�ý.

ã 7 �� Max-com-cap = 5 ���ý(J

ã 8 ± min-dis �µdIO��ý(J

ã 8 ´± min-dis ��µdIO��ý(J:
ÙÛ RN ê (P� RN-count) � 19, �äål²�
Ú (¦)�Ik¦z� SN ü^pØ���Ï&´
»ål�²�Ú, ,��Ù 1/2, òTCþP� Net-
Dis2) � 188050 m2, ã 9 K´± min-dis-fac �Ù
Û�{µdIO, �{$1(J� RN-count = 18
Ú Net-Dis2 = 178600 m2, ÏLé'ã 8 �ã 9, ·
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��±wÑ± min-dis-fac �µdIO�ÙÛ�{
I�ÙÛ��� RN ¿�kê���� Net-Dis2.

ã 9 ± min-dis-fac �µdIO��ý(J

�?�Ú`²ü«µdIOe RN ÙÛ�{�
UÑé'�¹, ·�ëì8cïÄ�é9�� Zig-
Bee Eâ?1�'�ä�ëê��, =- (6) ª
¥ P0 = 3.1623 × 10−13 W, GT = GR = L = 1,
λ = 125 m. Xã 10 ¤«, �Ñ
�ä¥ 10 � SN
éAN�5Ï&´»�UÑd����ÎG©Ù
ã, ÏLé'�±�Ñ: ± min-dis-fac �µdIO
� RN ÙÛ�{�± min-dis �µdIO��{�
', 3~��äUÑ�¡kX²w�`³.

ã 10 SN UÑ©Ùé'ã

5.4 RN JJJ\\\���{{{���ýýý

�é WSN �U¡�V\ SN ��¹, �© 4.2
�!�Ñ
Q� WSN ¢y RN J\�äN�{,
ùp�éT�{?1Xe�ý©Û.

b�3��Q��ä¥¹k 5 � SN(Ù�
IéAuL 1 ¥� SN1—SN5)!�� GN(Ù�I

� (140,210)). ã 11 ´�â 4.1 !JÑ� RN `z
ÙÛ�{���ÙÛ�Y, dÙÛ�Y�I� 7
� RN =��z� SN �¤N�5Ï&´»|�
ÀJ, ¢y 5 � SN � GN �mêâ�ä��ï.
��y�©JÑ�Q��ä RN J\�{�k�
5, ·�b�3�5�ä 5 � SN �Ä:þ#V
\ 5 � SN(Ù�IéAuL 1 ¥� SN6—SN10), æ
^ 4.2 �!JÑ� RN J\�{?1�ý, ��X
ã 13 ¤«� RN J\�N��Y, ã¥ ¤ ��V
\�Y 5 � SN �ÙÛ¤I�� RN,  ¥ L«#
V\ 5 � SN ��I��	J\� RN, ¿��Ñ

Xã 12 ¤«�N���N�5Ï&´»�ä, �
±wÑ=I3Q��ä¥ 7 � RN �Ä:þJ\ 6
�#� RN =��¤iÿ�ä��.

ã 11 Q��ä RN ÙÛã

ã 12 RN J\�N��ýã

6 ( Ø

�ä!:ÙÛ´ WSN Ý\$1�cJ. ��
ó, GN 9 SN dÙõUA5û½
ÙÛ ���
é�½, �Or WSN �N�ëÏ5���5, ²~
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I�ò RN Ù�u�ä¥. Ïd�±` RN ÙÛü
Ñ�`�û½
Ã�Daì�ä�Æ·!Ï&�
Ç��X��I. �©òÏ&´»Ø�_±9 RN
Ï&Nþ�õ�å^�Ú\yk RN ÙÛ�.. æ
^qÞ{��8Ï`�{�(Ü��Y�¤
�
ä�ïÐÏ RN �ÜnÙÛ±9Q��äV\#
� SN �¤Úå� RN N��J\üÑ. �ý(J

L², �©JÑ��ö�5�!`z�!Ï&´»
äk�½P{Ý� RN ÙÛ�J\`z�{U

�yõ�å^�e� RN ÙÛ�ä�N�5. �
~5 RN ÙÛ�{�', Äu���äålÏfµ
dIO�JÑUwÍ~����ä�Uþ�Ñ, k
�/Jp
 RN ÙÛ�{�U�5.
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Relay node placement and addition algorithms in
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Abstract
The node placement is the foundation of network operation in wireless sensor networks. In many applications, the positions

of gateway node and sensor node are relatively fixed. To guarantee network connectivity and reliability, some relay nodes must be

reasonably placed between the gateway node and the sensor node. In the context of the above applications, we introduce many constraint

conditions into the existing placement model, and adopt a hybrid placement method based on enumeration and greedy optimization

algorithms to determine relay node positions from their candidate location sets, and we finally achieve the relay node initial placement

and follow-up adjustment strategies, owing to new sensor nodes joining the current network. The simulation results demonstrate that

our operable and optimized relay node placement algorithm can ensure multi-restricted fault-tolerant relay node placement, and the

presented new evaluation standard based on the minimum distance factor can significantly improve the energy-efficiency of relay node

placement algorithm.

Keywords: wireless sensor networks, relay node placement and addition, greedy optimization algorithm, commu-
nication capacity
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