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Power control algorithm for wireless sensor networks 
based on approximate Unit Delaunay triangulation 
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Abstract: A novel geometry structure named AUDT was presented to be as the underlying logical topology of wireless 

sensor networks, and the transmission range of each sensor was adjusted to the minimum according to its furthest logical 

neighbor. AUDT would have the desirable features of connectivity, planar, average degree-bounded and t-spanner. The 

simulation results show that the network delay of AUDT is very close to other similar algorithms, but AUDT performs 

better than them in terms of the transmission range and the radio interference. Furthermore, the communication cost of 

distributed constructing AUDT has reached the minimum. 
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UDel�(unit delaunay triangulation)�H�����

���pL����&�������(planar)� t-

 ¡(t-spanner)2¢y�w
£¤¥¦§[8~11]
_¨©

t- ¡�ª���01y
���«�¬4[8]
�­�

¢®¯��°R���¬����� 

�F±²³´������no��µ¶pq

¦§� Delaunay ·¸¹£(º LDel �)»¼½L

UDel ��w�¾�»��/]¿�À[9~11]
_LDel

���Á/��ÁÂÃ�Ä
�� t- ¡�Å

PLDel �(planar local delaunay graph)[9]
/ RDG �

(restricted delaunay graph)[11]
�RS[11]¦§ RDG�

��,ÆÇW O(n2)�RS [12]ÈÁÂ:W

( log )O n n n �RS[9]¦§ PLDel���,ÆÇW

O(n)�RS[13]ÈÁÂ:;w�É�RS[14](`Ê

RDG�2i�Almost Delaunay��¨¦§�,ÆÇ

WO(n)�ËkF PLDel��RS[10](`Ê PLDel�

2i�AUDel�(augment unit delaunay triangulation)�

¨¦§�,ÆÇÌW PLDel�� 50%��ÍÎÏ��

t- ¡�LM UDel�Ð� UDel��Ñ�� 
ÒÓ�ÔÄÕ� UDel ��Ö�×ØLM UDel

��Å RNG�(relative neighbor graph)�GG�(gabriel 

graph)/ PDT(partial delaunay triangulation)[15]
�2_#

£¤¥¦§�ÍÎÏÖ���no��Ù���ÚÛ

¿ÜrÝpq�Þß,Û

[15]
�b�àáâ
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���ãä���RNG�ÊGG�w�� t- ¡[8]
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PDT�å�æx��� t- ¡[15]
_çÓèé��ÍÎ

Ï UDel��Ö�#��01P��êG�����

����� !"���34� 

ë�lFpL���������� !"�

°R(`H�ìíîï¦ AUDT (approximate unit 

delaunay triangulation)��W�������fgH

o��&����������pq��� t- ¡

2¢y��������no��µ¶ðñ���

pqdeòð678� �°RóY�ÈôõAUDT

�W UDel ��Ö���� t- ¡_£¤¥¦§
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2.1  ���� 

1) �,�� R�\���	�]^�ðk78�

 ���#ðk78� )��,
��W�,��R� 

2) pq�N(u)�]ÜÞF�,��R
�v��

é2o��ÜWpq�]p_��u∈SÕ�¨\�pq

����Wpq�N(u)�º k∈N(u)ù��ù||uk||�R� 

3) t- ¡[8~10]
�K�zÀ&½�é 2 o]p�

�������ÁWHo&�� UDG �(unit disk 

graph)_UDG��Ö� G�� t- ¡ù��ù�é

�� u / k � ||∏G(u,k)||� t||∏UDG(u,k)||�¨©

||∏H(u,k)||��H©&½��u/k�ð�Z�=m_

¼� t(�1)�W� G� t- ¡�Ö� 

4) Voronoi�£[16]
�T����no��£ò

��� S ©ÊèðL����¦���� S �

Voronoi �£ Vor(S)_¨©�\�Ê�� u∈S ðL

���Ho��À�|���W Voronoi |�

V(S,u)_Voronoi |��À��� Vor À�n� Vor

ÀW 2 o Voronoi |�� �!�À��Å� 1(a)

\"�ù V(S,u)/ V(S,k)� VorÀ��# VorÀÞ

F�$ uk�%&�£��� 

5) UDel�[9]
��é�� u�k∈S# UDel��

H��zÀ(�W UDelÀ uk)�ù��ù||uk||�R�

V(S,u)/ V(S,k)� VorÀ� 

�� 1  Õ� q∈V(S,u)W�'/||qu||W���

�vw(¾ S��é��[16]
� 

�� 2  Å)?#÷��� u�k∈S �� C v

w¾ S��é��, * V(S,u)/ V(S,k)� VorÀ�

�� C��'ÞF# VorÀ�[16]
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��3  +,Voronoi�£Vor(S)���u/ k�

��$ ukµ-.��� b0=u�b1�/�bm−1�bm=k

� Voronoi |��º V(S,bi)/ V(S,bi+1)� � Vor

ÀÊ�$ uk]¿(0�i<m)�Å� 1\"_µ-&½

�� b0�b1�/�bm¦��Z��W DT(u,k)�T

�||DT(u,k)||=
1

1
0

|| ||
m

i i
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b b
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=
∑

�π||uk||[17]
� 

 
� 1  Voronoi��� DT(u,k) 
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�� 1  (AUDTpq)+,�� u�pq k�Å

) V(N(u),u)/ V(N(u),k)� � Vor À�?#Ho
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AUDT��pq��� AUDTpq� 

�� 1  (��y) Å)�� k W�� u �

AUDTpq�*�� u0��� k� AUDTpq�

º�� u/ kÜW AUDTpq��

��  µ¶,1 1�� V(N(u),u)/ V(N(u),k)�

 VorÀϖ�� q��||qu||�R/2�º q∈V(N(u),u)_

µ¶2� 1�Õ� qW�'/||qu||W���� Cqv

w¾ N(u)��é���VorÀϖ#�$ uk�%&�

£���� q∈ϖ��||qk||=||qu||�R/2�� Cq�&�

�R�÷��� k/ u�� Cq#Õ�� uW�'/

RW���� Cuv�Å� 2\"_É3�S-N(u)�

\���#� CuÓ�� Cqvw¾ S-N(u)��é�

���Ò�� Cqvw¾ S ��é���ù3� Cq

vw¾ N(k)��é��_µ¶,1 1�||uk||�R�T

� k�u∈N(k)_µ¶2� 2��Cq��' q# V(N(k),k)

/ V(N(k),u)� � VorÀ�_45||qk||�R/2�µ¶

,1 1��� uW�� k� AUDTpq�x6� 
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�� 2  (AUDT�) �é�� u�k∈S#AUDT
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u/ kÜW AUDTpq_\� AUDTÀ���¦�
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3.1  	
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µ¶,1 2�£¤¥¦§AUDT�2iFno�

��NAUDTpq�ù\���w����VorÀW

�$��&�

[16]
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���é VorÀ�ÁWC�D��$[18]
�+,�� u

�pq k�º k∈N(u)(≠u)�� V(N(u),u)/ V(N(u),k)�

 VorÀ k1k2�̈ © k1/ k2£®WVorÀ� 2oE��

FG�VorÀ k1k2Ê�$ ukT��)HIJèH� 

1) VorÀ k1k2Ê�$ uk]¿�Å� 3(a)\"�

�� k∈N(u)��||uk||�R�Vor À k1k24#�$ uk

�%&�£���FG�$ uk�©� o�� o∈k1k2

/||uo||=||uk||/2�R/2�µ¶,1 1��� k W�� u

� AUDTpq� 

 
� 3  Vor� k1k2��� uk 

2) VorÀ k1k2Ê�$ ukw]¿�Å� 3(b)\"�

�$ uk�©� o�� o∉k1k2�VorÀ k1k2Ê� oû

#�$ uk�%&�£���VorÀ k1k2�Ê� oð

L�� k1� k2��é� x∈k1k2�||ux||2=||uo||2+||ox||2�

VorÀ k1k2�Ê�� uðL�0� k1� k2_µ¶,

1 1�ù||uk1||�R/2�||uk2||�R/2���� kW��

u� AUDTpq� 

K��Í��� u �N AUDT pq k �JK

VorÀ k1k2_RS[18]�89 ICVR¦§ Voronoi|

� V(N(u),u)��K V(N(u),u)(k)(k2
←k1):Í V(N(u),u)

/ V(N(u),k)� � VorÀ k1k2��Ò�AUDT� 
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q��û�DLMmW O(∆)�¨©∆Wpq�� 

��  � 4 ��Á��¦§ Voronoi |���

û�DLMmW O(∆)[18]
_ForNOPW�yQY�

�é Voronoi|�� VorÀ�û��6[16]
�ForNO

��û�DLMmW O(1)�ºno���N AUDT

pq��û�DLMmW O(∆)�x6� 

�� 3  (�,ÆÇ)¦§ AUDT ���,ÆÇ

W O(n)�¨© nW���� 

��  � 4��Á��WRrÝpq�Þß,

Û�no��STaU�Þß,Û_For NOµ¶

VorÀ�N AUDTpq�wV�¿Ü�î,Û�º

no���N AUDT pq�ST 1 oÚÛ�¦§

AUDT���,ÆÇW O(n)�x6� 

�� 4  (��y) AUDT��UDel����Ö

��º����y� 

��  ö5 UDel ��Ho��� [9]
��é

AUDTÀ uk�µ¶,� 1�x��?#÷��� u�

k∈S �� Cqvw¾ S ��é���V(S,u)/ V(S,k)

� Vor À(2� 2)�µ¶,1 1�AUDT À uk �

�||uk||�R�K��Í�T� UDel À uk�º�é

AUDTÀ0� UDelÀ�ù3 AUDT�W UDel�

���Ö��x6� 

�� 5  (��pq�� )no����û

AUDTpq��6�º���û��pq��� 

��� +, n o��� UDel ��¨À��

3n−6[9]
_AUDT�� UDel��Ö�(,� 4)�AUDT

��À��3n-6�no����û AUDTpq��

(3n−6)*2/n≈6�x6� 

�
 1 ��é UDelÀ uk, DT(u,k)� AUDT�

©&½�� u/ k�Z�� 

�� � DT(u,k)=b0b1/bm-1bm�¨© b0=u /

bm=k��é 0�i<m�µ¶2� 3�� V(S,bi)/ V(S,bi+1)

� � Vor Àϖi Ê�$ uk ¿F� qi�T�

qi∈V(S,bi)�qi∈ukÊ qi∈ϖi�Å� 1(b)\"� 

µ¶2� 1�Õ� qi∈V(S,bi)W�'/||qibi||W�

��� Civw¾ S ��é���ù3� Civw¾

N(bi)��é��Õ��� u/ k_�' qi�� qi∈uk�

� Ci�&�#�$ uk ��º 2||qibi||�||uk||_UDel

À uk��||uk||�R�T�||qibi||�R/2�VorÀϖi#�

$bibi+1�%&�£����qi∈ϖi��||qibi||=||qibi+1||

/||bibi+1||�2||qibi||�R�T�� Ci÷��� bi/ bi+1

Õ� bi�bi+1∈N(bi)� 

K��Í�÷��� bi�bi+1∈N(bi)�� Civw

¾ N(bi)��é����' qi # V(N(bi),bi)/

V(N(bi),bi+1)� � Vor À�(2� 2)����||qibi||

�R/2_µ¶,1 1 /,� 1��� bi/ bi+1ÜW

AUDTpq�º� AUDTÀ bibi+1��Ò�DT(u,k)

��éÀ0� AUDTÀ�DT(u,k)� AUDT�©&

½�� u/ k�Z��x6� 

�� 6  (t- ¡) AUDT��� t- ¡�¨ t- 

¡�ÖW 2.42π� 

��� ��é�� u / k # UDel ��ð�Z

�∏UDel(u,k)=u0u1…um-1um�¨© u0=u / um=k�º

� UDelÀ uiui+1(0�i<m)�µ¶W� 1���é UDel

À uiui+1(0�i<m)�DT(ui,ui+1)� AUDT �©&½�

� ui/ ui+1�Z�_É3�\�Z� DT(ui,ui+1)¦

� AUDT �©&½�� u / k �Z��º AUDT

�W&��_µ¶2� 3�||DT(ui,ui+1)||�π||uiui+1||_

FG�AUDT�©&½�� u/ k�ð�Z�=m

||∏AUDT(u,k)||�� 

||∏AUDT(u,k)||�
1

1
0

||DT( , )||
m

i i
i

u u
−

+
=
∑

�

1

1
0

π || ||
m

i i
i

u u
−

+
=
∑

 (1) 

ö5 UDel ��� t- ¡�¨ t- ¡�ÖW

2.42[9]
�º� 

 ||∏UDel(u,k)||=
1

1
0

|| ||
m

i i
i

u u
−

+
=
∑

�2.42||∏UDG(u,k)|| (2) 

Xg¥(1)Ê¥(2)� 

 ||∏AUDT(u,k)||�2.42π||∏UDG(u,k)|| (3) 

¥(3)Y� AUDT��� t- ¡�̈ t- ¡�Ö

W 2.42π�x6� 

�� 7  (&�y)AUDT�W&��� 

��  µ¶,� 6�x�Ä5� 

4  ���� 

WRZi89y
�K C++[\ AUDT ��

AUDel�� UDel���;<k�]^[_�#3

4|� 1 000×1 000v±²³´ no������

`�)H 2a[_bc�ð6�,����,-.�

t- ¡�Ö�¦§�,ÆÇ�\�ï)ûW 1 000

-]^[_��ûu� 

d 1aõ�,�� R�W 50�#34|�v±

²³´ 1 000o���3Ân-±²ef 200o�
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±h���� n �eg�iL�ìpqjk

W AUDT pq�J AUDT ��ð6�,�� Rm

lm56�º R/Rmn):oô�Å� 5(a)\"�

±h�,�� R �ek�pñ�ìpqjkW

AUDT pq�J AUDT ��ð6�,�� Rml

mek�q R/RmÃn):oô�Å� 5(b)\"�

Ê UDel�/ AUDel�]r�AUDT��ð6�

,��56 1.1/ 1.3_±h���� n�eg�

Î�ÈôË��\56_q±h�,�� R�e

k�Î�ÈôTs9�É� 
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4.2  ���� 

1) ±h���� n �t�,�� R �ek�

no����û AUDTpqlmuvF 6�qww

Ñ� 6�Å� 6\"_k³£IJ)�AUDT��

��pq�]� UDel�:;R 0.16�]� AUDel

�:;R 0.19� 

2) x�pq�¬ð6�,��
�v�pq�

±h���� n �eg�y3ð6�,�� Rm5

6(Å� 5(a)\")�q³´zm#ek�J AUDT

��x�pqlmeg�k{uvF 10�Å� 7(a)

\"�±h�,�� R�ek�y3³´zmw|�

qð6�,�� Rmek(Å� 5(b))�J AUDT��

x�pqlmek�rs# 10}~�Å� 7(b)\"�

Ê UDel�/ AUDel�]r�AUDT��x�pq

5~ 0.3/ 0.4_±h���� n�eg�Î�Èô

Ë��\56_q±h�,�� R�ek�Î�È

ôs9�É� 

 

 
� 6  
��� 

 

 
� 7  ���� 

3) �,-. =x�pq/��pq�±h��

�� n�eg�AUDT���,-. lmek�

k{uvF 1.7�Å� 8(a)\"�±h�,�� R
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