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Channel width adaptation algorithm in  
multi-channel vehicular networks 

PENG Xin, LI Ren-fa, LIU Liang-jiao 
(School of Computer and Communication, Hunan University, Changsha 410082, China) 

Abstract: Aiming at the low utilization of spectrum resource in vehicular networks, an algorithm base on semidefinite 

programming was presented, which could be utilized to channel width adaptation of multi-channel vehicular networks. 

Firstly, the algorithm need to measure the distance with the surrounding vehicles to compute conflict graph. And then the 

semidefinite programming relaxation was employed to coordinate the competition of spectrum resource. Finally, the ul-

timate channel width adaptation was computed based on the initial channel assignment and compression process.sSimu-

lation results demonstrated that the new algorithm not only can promote network throughput, but also perform well on 

extremely dynamic topology. s
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�&'D i ĵs	�BcT���À Σyz�OY

'D	�q¦P³´&0ÀiCóô�_�þ{

TR-CAMNT_"Sq�VÐÑû& 



� 11� ��������� !"#$%�& �125� 

 

 
' ())TR-CA*+,- 

@À'(�V¬de?T¯æ°	�_��

âÈ��Vö÷øù	æ°"���BÞs	K

GÐÑ&�F G(V, E)���G§¨��	'(�

V�&± V ���V�g('D)�Ä�|V|=n�E �

��q�B�Ä�|E|=m&Xn,2 ��'DvsÈE	

��øù�n ��'D��2 ��vs���_�

Áóô��vs	»�&D=[dij
2]n×n��'D i � j

Gvs Xn,2±�zg	ö÷øù�&± 

 
1/ 22

2

1

( ) ( )ij it jt
t

d X x x
=

 = −
 

 

∑

 (1) 

��'D�úÏ6�'Ds	ö÷�ú ��

	�Ve\ö÷øù

ˆ =D ˆ[ ]ij n nd × & 

 
2 ,ˆ

,
ij ij

ij
ij

d d r
d

d rη


=
 >




�

 (2) 

&±�r��'D�qî��η��'D i� j��

6��í�t�ú'Dsö&�.\í���V	

����þ{�V�gs	��B���"0�'

Ds	��ö÷��� η&Ý?þ{��B��ö

�2u ;	0�¡¢�££wx��B�í�ú

	ö÷ ij ijd d′
� �+�Öö÷;Àj¤ö÷&�Ë

h�¦P 2�'D¥¦ÂuMNyz�çGñíC

§Z, 2�'D¨���LMN&Oi_�þ{©

ª«Èo(SVD)�â��øù D̂"$eö÷øù

D&©ª«Èo [16]
?��øù A¬Rm×n(r>0)�G

m ®��ù U � n ®��ù V��ú UTAV= 

diag(σ1,σ2,¯,σp)=��+ 

 A=U�VT (3) 

&±�σ1°σ2°¯°σp�p=min{m,n}&σi (i=1,2,¯,p)

±, A	©ª«�² σ1°σ2°¯°σr°σr+1=σr+2=¯

=σp=0F�r=rank(A)&³ m°n�rank(A)=r°k�(m,n,r, 

k¬N)�´ Σk=diag(σ1,σ2,¯,σk)�g 

 T T

1

0

0 0

k
k

k i i i
i

U u v
∑

σ
=

 

= =
 

 

∑

A V  (4) 

rank(Ak)=rank(Σk)=k�g± Ak,øù A 	µ k

$e�j¤C?øù AGµ kvsC	¶³&>

�âC(È�h[�þ{©ª«Èo"$eö

÷øù D�·¸�¹Äh	 k«&~� k¹«â;�

��4�·/	õñÖº»h�2u¡¢�¹«â

c�¦P®�qr	¼½¾`4$e¿�&@À 

 
2

2 2

1

( )ij it jt
t

d x x
=

= − =
∑

2
2 2

1

( 2 )it jt it jt
t

x x x x
=

+ −
∑

 

Oi��Àøù D� 

 T T T2= + −D le el XX  

&±�

T2 2 2
2 2 2
1 2

1 1 1
t t nt

t t t

x x x
= = =

 =
 

 

∑ ∑ ∑

Ll
�

T(1,1, ,1)= Le �

X,��øù& Tle � Tel 	µ, 1� TXX 	µ, 2�

h[ rank(D)À4&Oi¹ k=4��øù DÂÃ 4µ

$e& 

 
4

T
4

1

ˆ
i i i

i

u vσ
=

≈ =
∑

D D  (5) 

'DiFs τ,sÁ��ÂÂÃ 23C(âÌ�

ú 2�$e	ö÷øù D1� D2&�F'DMN

î�, 2r(r ,�qî�)&�À'D i � j�~�
2ijd r� g����§MN&óô ¬	T¯æ

°�~� 2 3ijr d r� � �"W 2 D'�GÃ0ge

PKGMN&i×,01Sqñí 1Ä'(�VÐ

ÑÅ	SqÆ& 

InputÇ 1D̂ �t=0FÈ�ú	��ö÷øù 
2D̂ �t=τFÈ�ú	��ö÷øù 

OutputÇ ( , )G V E′ ′ ′
��VÐÑû 

1)
4

1 1 T
4

1

ˆ
i i i

i

u vσ
=

≈ =
∑

D D �>

2)
4

2 2 T
4

1

ˆ
i i i

i

u vσ
=

≈ =
∑

D D �>

3) For i=1:n 

4)  For j=1:n 
5)   If 12 3ijr d r� � then 1 { }iF j← � 

6)   If 2 2ijd r�  then { }1
iE j← � 

7)   If 22 3ijr d r� �  Then 2 { }iF j← � 

8)   1 2
i i iF F F= I , 2 1 2{ , }i il il iE l d d l F= ∀ ∈� � 

9)   1 2
i i iI E E= U � 

10)  End For 

11) End For 



�126� �  �  �  � � 31 � 

 

12)  { , }ijV v i j E′ = < >∈ � 

13)  { , }ij kl i j i jE v v k I I l I I′ = < > ∈ ∈U U� & 

3.2  ��������	
� 

�VÐÑû±	�g�zÀ�V	�a�q

�B�+��§¨{��û±	L���Bs	M

N%-&�FYÐÑû GI(L, EI)�|L|=h���V±

Y h a�q�B�yl,�B l C	�(�h{§¨

ÉÊ, B& 

2-óô§¨	á¯È*&�F�À�B�Ä

L={li| 1� i� h}Y§¨ÈÉ�DÇ 

 f(li)=(SLj, SUj)�i¬[1,h]�j¬[1, |B|] (6) 

�·Åo�§¨�D f·¸¸¹«ËaCÇ 

1) 
1

( )
h

i
i

f l B
=

=
U

� 

2) �ä8 i, j¬[1, |B|]W i≠jY(SLi, SUi)∩(SLj, 

SUj)=Ø� 

3) ��V±ä8�B li, lj¬L�"W<li, lj>¬EI

Y f(li)∩f(lj)=Ø� 

4) ��V±ä8�B li, lj, lk¬LW i≠j≠k�~�

f(li) =f(lj)�f(lj)= f(lk)g f(li)= f(lk)& 

��ÐÑû GI(L, EI)SqøùM|L�×|L|& 

 

1,

1, ,

, ,

I
ij

I
ij

i j

m i j E

i j E

λ

α

 − =
= − < >∈


 < >∉


 (7) 

&± { 1, 1}ijα λ∈ − − �λ¬Z+
&���§¨�D".

I αij�"È�øùMO¸¹	H�&>

�� 1 >�À§¨�D f(li)=(SLj, SUj)�øù

M&~� f(li)=f(lj)�g αij=λ−1�Ìg αij=−1&ÍÎ

² λ°|B|F�øùM?î�I	& 

��  Y& 

@IÅ 1hSqîIïðT_Ç 

 

min max( )

s.t. 0

1 ,

1 1 ,

1

ij

I
ij

I
ij

ii

m

M

m i j E

m i j E

m

λ
λ

= − < >∈

− − < >∉

= −

�

� �

 

(8)

 

G�{�gí�oT_(8)F�·i¶}ÏÐø

ù M 	NÑ mij¬{λ−1,−1}�££�� mij→λ−1 Ò

mij→−1	»¼&Oi_�þ{Ó�í�Ô3�o M

±NÑ	\í"�ÅÕ¤¥�§¨ÈÉT_	Sq

ñí~«& 

InputÇGI(L, EI)�@ñí 1Sq 

OutputÇ ( , )G V E′ ′ ′  = ( , )k k kG L E � 

        {Ω1, Ω2,¯, Ω
λ

}� 

1) If  EI =Ø  Then  f(li)=B�i¬[1,h]�>

2) If ,i jl l L∀ ∈ � , I
i jl l E< >∈  Then>

3)    f(li)=(SLj, SUj)�i¬[1,h]�j¬[1, |B|]�h=|B|� 

4) ´ k=0�t=0�Ω0= Ø �G0(L0,E0)= GI(L, EI)� 

5) Do { 

6) {�gío Gk(Lk,Ek)	T_(8)�ú Mk
�

λ

k=max(mij
k)+1� 

7) 

, ,max{ |1 , , , dim( )}k k k
a b i j k km m i j n i j n M= ≠ =� � � 

8) k=k+1� 

9) If 
1

, t
t

a b Ω
=

∉
U

 Then  

10)    t=t+1� 

11)   1 \ { , } { }
t

k k
a bL L l l lΩ

−= U �>

12)   1
1 2 1 2{ , | , { , }}k k

a bE l l E l l l l−= < >∈ ∉ U  
1

1 1 1{ , | { , }, , , { , }}
k

k
a b x x a bl l l l l l l E l l lΩ

−< > ∉ ∃ < >∈ ∈  

13) Else If { , },1a b tµΩ µ∃ ∈ � �  

14)     Then { , }a bµΩ ← � 

15)     End If 

16) End If } 

17) While {| Lk |=λ0}� 

18) λ=λ0
& 

3.3  ������ 

.I4Öa�B	§¨ÐÑT_ý�]hi�

��Vh{§¨ÉÊ��B	�(�Ö�BÆÇ

ÂÃØÙ�.I� 	§¨ÈÉ\ò&@À�V�

(�QR�,4×ÖÏÐ§¨©{ª�Ö§¨{�

Þsþ{	
defgÂÃÆÇØÙ& 

�F�V±�a�B)hiØ[&�(

y(l)���C��±��fÙÚ	Û�(�üý

Ü�(	#Ý.IOº§¨ÉÊ&§¨ØÙñí

~«& 
InputÇ ( , )G V E′ ′ ′

�ñí 2	§¨ÐÑT_ 

       y(li)�li¬L�OY�B	�( 

       {Ω1, Ω2, ¯, Ω|B|}� 

OutputÇ>



� 11 � ������	
�������� �127� 

 

1) For>k=1: λ 
2)    ( )

k

k
l

Y y lΩ
Ω∈

=
∑

� 

3) End For 
4) 

k
k

Y YΩ=
∑

� 

5) 0( ) (0,0)f Ω = � ( ) ( , )k k kf SL SUΩ = � 

6) For k=1: λ 
7)   1 1( ) ( , ( ) )

kk k kf SU SU Y Y BΩΩ − −= + � 

8) End For 
3.4  ������� 

�F�V±Y n�'D��VeQ���, c&

ñí 1±��öº/ O(cn)�©ª«Èoº/ O(2n3)�

.IMN�Bº/ O(n2)��ý.IÐÑûº/

O(cn/2+c2)�Oiñí 1 HÞ�, O(2n3)&ñí 2

±��gí�o(8)º/ O(n+|L|3)��×ñí 2	H

Þ�, O{(n+|L|)3(n−λ)}&ñí 3 	HÞ�,

O{(λ+1)|Ω|}& 

4  ���� 

,4�ñíÂÃ�Ð�_�Tßàà 6'A�

�:;&ABT_~û 2O��B5� 3km��'

AÇ�, 3.5m&������áÈE 300�'D�

'A 3^4	Ã���, 60km/h�&â'AÃ��

�, 50km/h�'Dã:Âu����&û 2äåZ

[ 2�BLMN+,�%�g&�á�æZÈ'D

à�%�3 UDP ��ç&GSqB@	�FèP

ÆÇØÙ(_��óôB@¤¥�MAC�^�ñí

	³´)& 

 
� 2  ���� 

�Fh{§¨, 80MHz�� 1MHz§¨hi�

{ 1.2Mbit/s 	��[17]
&¾_�ÆÇØÙ\òÏ�

IÆÇÈÉ\RÂÃ4�	&�IÆÇÈÉþ{4

16é5MHz^8é10MHz^4é20MHzÈÉ\ò&�

æ 30 �'Dà�%�3��ç����ê	�{

��ªG[4,10]Mbit/s±�á�æ&FK τ=0.1s��

qî� r=100m&û 3 ë�4 5 3j�	ÔÕª�

	d�&>

 
� 3  5���	
����� 

�û±hiì� 4é20MHz ÈÉ\ò	ÔÕ

ª�`��?@À�V�qéêëì�¬æ°

í�4é20MHz��½îï¹	h{§¨�wx§¨

©{ª`«��ú�V±�G #	§¨�{�¾`

4�VÔÕª&@À_�	ÆÇØÙ\òXY7®	

§¨©{ª��	À�IÆÇÈÉhiY½®�V

ÔÕª& 

t«"�@æ�ê'D	�Å�	 4ñíG�

��V�(aC«	���d�~û 4O���û±

hiì�G `�V�(:;«�_�qAÆÇØÙ

\ò��I§¨ÈÉ\ò�	ðñ�;�Ý?²�(

òó��F�þ{qAÆÇØÙhiôõ½Ó�VÔ  

 
(a) 	
���� 

 
(b) ������ 

� 4  ��	
�������� 



�128� �  �     ! " 31# 

 

Õª&�?�,²�(��F�§¨��ö��÷�

þ{�I§¨ÈÉTR�íhz�B�(	æ°�¦

P§¨©{ª`�ç_�	qAÆÇØÙ¿6GÈÉ

§¨ÉÊFóô4�B�(�Ñ�½®4§¨ª&

×ø�²�V�( `F�8é20MHz	 16é5MHz

Y7/	���Ý?���(	½®�2²ÈÉTR

ãYôõ¢�&�?�,G`�(aC«�§¨��

 Ý�þ{7;	ÆÇhi½®�V������(

	��� c	ÆÇhiùo§¨��& 

t«"�@æ'D�qî���ñíÂÃ4ú

û�d�~û 5O���û±hiì�G'D�q

î� `F��ê	�� ;�º/7#	§¨É

Ê"ÍÎÐÑ��ç�VÔÕª `&��î�	

�;�ê���Ý�G�IÌ�Cùo4§¨�

���V��ö�z½®& 

 
(a) 	
���� 

 
(b) ������ 

� 5  ����$%������ 

5  ��� 

ü��.'(�Vþ{�IqATRO¦P

	§¨©{ª`^�VÔÕÖ�¹	¤¥�¾qA

ÆÇØÙ¿6z{À'(�V�½�40ÀîIï

ð	'(�VqAÆÇØÙñí&½�	ñíÏ�

.	M��#����VÆÇØÙ¿6���óô

4'�	¬æ°¤¥�×Ö¾`¬@æÆ"	

³´�"W��Ö§¨{�	�(»¼�âîIï

ð�	
��XYèPqA	ØÙ&j�È��

ô�Ï�IÆÇÈÉ�	_�ñíY½Ó4'(

�V	ÔÕª&>

�	
�� 

[1] BLUM J, ESKANDARIAN A, HOFFMAN L. Challenges of in-

ter-vehicle ad hoc networks[J]. IEEE Transactions on Intelligent 

Transportation Systems, 2004, 5(4): 347-351. 

[2] GUPTA P, KUMAR P. The capacity of wireless networks[J]. IEEE 

Transactions on Information Theory, 2000, 46(2): 388-404. 

[3] BAHL P, ADYA A, PADHYE J, et al. Reconsidering wireless systems 

with multiple radios[J]. Computer Communications Review, 2004, 

34(5): 39-46. 

[4] IEEE 802.11-2007: Wireless LAN Medium Access Control (MAC) 

and Physical Layer (PHY) Specifications[S]. 2007. 

[5] IEEE 802.16-2004: Air Interface for Fixed Broadband Wireless Access 

Systems[S]. 2004. 

[6] IEEE 802.11p/D2.01: Wireless Medium Access Control (MAC) and 

Physical Layer(PHY) Specifications: Wireless Access in Vehicular 

Environments[S]. 2007. 

[7] IEEE 802.11n: Next Generation Wireless LAN Technology. Broadcom 

white paper[EB/OL]. http://wwww.broadcom.com/collateral/wp/ 802_ 

11n-WP100-R.pdf, 2006. 

[8] CHANDRA R, MAHAJAN R, MOSCIBRODA T, et al. A case for 

adapting channel width in wireless networks[A]. Proc of ACM SIG-

COMM[C]. USA, 2008. 135-146. 

[9] BAHL P, CHANDRA R, MOSCIBRODA T, et al. White space net-

working with Wi-Fi like connectivity[J]. Computer Communication 

Review, 2009(39): 27-38. 

[10] MOSCIBRODA T, CHANDRA R, WU Y, et al. Load aware spectrum 

distribution in wireless LANs[A]. Proc of IEEE ICNP. USA[C]. 2008. 

137-146. 

[11] TANG J, MISRA S, XUE G, et al. Joint spectrum allocating and 

scheduling for fair spectrum sharing in cognitive radio wireless net-

works[J]. Computer Networks, 2008, 52: 2148-2158. 



" 11& '()*+�,-�	
./0123 �129� 

 

���1981-��������	��

�
����������������

����� !�" 

����1957-����#$	���


�%&���'(��������)

*+,-. CPS" 

����1984-������/�	�

��
���������������

������ !�" 

	
��1956-��0�122$	�2

$
�%&���'(��������

34567.��67�67789:�;

<��67=>�7?7@ABCDE" 

���1982-��0�12�6	�2

$
�F(��������67789

:�GH��I=>" 

[12] LI L, ZHANG C. Optimal channel width adaptation, logical topology 

design, and routing in wireless mesh networks[EB/OL]. EURASIP 

Journal on Wireless Communications and Networking, http://www. 

hindawi.com/journals/wcn/2009/940584.html.2009. 

[13] FENG Z, YANG Y. Two phase spectrum sharing for frequency-agile 

radio networks[A]. Proc of IEEE ICC Germany[C]. 2009. 1-6. 

[14] RAMAN V, CAESAR M. A practical approach for providing QoS in 

multi-channel ad hoc networks using spectrum width adaptation[A]. 

Proc of IEEE GLOBECOM[C]. USA, 2009.1-6. 

[15] KODIALAM M, NANDAGOPAI T. The effect of interference on the 

capacity of multi-hop wireless networks[A]. IEEE Symposium on In-

formation Theory[C]. USA, 2004.470-471. 

[16] GOLUB G H, VAN C F, 4567.89:2[M]. ;<:= >?

@,2004. 

GOLUB G H, VAN C F. Matrix Computation[M]. YUAN Y X. Beijing: 

Science Press, 2004. 

[17] PROAKIS J. Digital Communications[M]. Beijing: Publishing House 

of Electronics Industry, 2009. 



����� 

 

 

 
 

 

 

���� 122 �� 

[4] BHARGHAVAN V, DEMERS A, SHENKER S, et al. MACAW: a 

media access protocol for wireless LANs[A]. Proceedings of the Con-

ference on Communications Architectures, Protocols and Applications, 

SIGCOMM[C]. Seattle, Washington, 1994. 212-225. 

[5] REED J, RAPPAPORT T. An overview of the challenges and progress 

in meeting the E2911 requirement for location service[J]. IEEE Com-

munication Magazine, 1998, 36(4): 30-37. 

[6] CHAN Y T, HO K C. A simple and efficient estimator for hyperbolic 

location[J]. IEEE Transaction Signal Processing, 1994, 42(8): 

1905-1915. 

[7] THOMAS N J, CRUICKSHARK D M, LAURENSON D I. Calcula-

tion of mobile location using scatterer information[J]. Electronic Let-

ters, 2001, 37(9): 1193-1194. 

[8] LIU X, ZHANG C, HU J. Adaptive weights weighted centroid local-

ization algorithm for wireless sensor networks[A]. The 4th Interna-

tional Conference on Wireless Communications, Networking and Mo-

bile Computing, WiCOM '08,Dalian[C]. 2008. 1-4. 

[9] FORGHANI Y. A new weighted centroid localization algorithm in 

wireless sensor networks[A]. The 11th International Conference on 

Computer and Information Technology, ICCIT 2008[C]. Khulna, 

2008.89-93. 

 

����� 

 

 

 


