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Research on routing protocol of vehicular delay-tolerant networks 

JIANG Hai-tao, ZHANG Hong, LI Qian-mu  
(School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094 China) 

Abstract: Based on the movement model similarity evaluation scheme (MMSE), a movement range oriented forwarding 

and dynamic multi-copies routing protocol (MROFDM) was proposed in vehicular delay-tolerant networks. With the 

similarity among the movement models and the local real-time information of vehicles, this protocol sended packets to 

the movement scope of destination node. At the same time, the copy equilibrium strategy was used to dynamically adjust 

copy number of different types of packets. MROFDM with some existing multi-copies routing protocols were compare in 

simulation. The simulation results verify the performance advantage of MROFDM, and show the adaptability of 

MROFDM with different proportions of movement models. 

Key words: delay-tolerant networks; vehicular networks; movement model; multi-copies routing 

 

1  �� 

��������	
��������

���������������

[1]
�� !"

#$���%&'(�� GPS)*�+,"��

��-./01�23�456�78�9�:�

���0;<=>?���"@AB'CDEFG

�>�"HIJK>LM6N�OP�9�Q<R

��STUVWXYZ"OPB'-.([�\

]M@A�:����^_`��abcdefg

�9"hijG� 

6�*�MANETkmobile ad hoc networkl>

mnopq23r����"stuv-wxyz

�{u

[2]
�|}~���'� 2��1lMANETY

����V���������R���>��

��"6�>�Y��������������

����b2011-09-15c����b2013-02-05 
����bdefgh��ijkl=(60903027, 61272419)cmno�pqrst�ijkl=(BK2011023)cmnofg
h��ijkl=(BK2011370); udvwx�ijkl=(2012M521089)cmnovwxhqjkst�ijkl=
(1201044C)cyz{h|�ijkl=(CG1124) 
Foundation Items: The National Natural Science Foundation of China (60903027, 61272419); The Basic Research Program of Ji-
angsu Province (BK2011023); The Natural Science Foundation of Jiangsu Province (BK2011370); China Postdoctoral Science 
Foundation (2012M521089); Postdoctoral Subsidy Scheme of Jiangsu Province (1201044C); Lianyungang Scientific and Techno-
logical Project (CG1124) 

doi:10.3969/j.issn.1000-436x.2013.03.009 



� 3 � ������	
���������� �77� 

����Y"������{�������q 

�Y�"¡'¢£¤¥¦§��q�2l���¨

©ª�����"��«Bu\r¬�®¯"t

°�B���±²��"³���´��µ¶��

���·��¸��{V�¨©{�|Ea¹º

[»¼½��

[3](DTN, delay-tolerant networks)�¾

��[»¼½�������¿�V��¿�À�

t°�Á.Á�>��Â�"�	°ÃÄ+��Å

��hÆ����NÇ��������DÈ 

�ÉÊËÌÍ3[»¼½�ÎÏ�Ð��>mn

o"sv-/�ÑÒÓÔÕ�Ö×[4]YCj/

MDDVno"Ø3��ÙÚ��.�ÛÜÝ"s6

��´�Þß<ÜÝà����Ö×[5]YCj�

VADD>mno"árâãN�78�9"��B

'�>äåæ�çºè��Qhé"Rê6���

Q.��ë����ì 2�híY"�����ë

î��ÜÝï�ð§�"íè3r��¿���

��Ö×[6]YárñYò?óôÜjõ���>�

�ÒÓ"ö÷����(SUVnet)�øù"sñ�ú

>mûG/Fû"Cj DAER>mno���Öü

ý�¿�þ���¿���D��"ì�ý���

§�Â��íy���Ö×[7]ö÷ð§á���

�	�����"���+��
���hé��

��´����ë["6��´�Ä+<ð§�

�"m������ð§���v��´��¥�

Q:��ì�híB'¢£���Q���{"�

�~���a�Ñá���� 

�ñ��[»¼½��Y���Q���"�

Ö��´�/����� !"§"t#�� !

À��Ê)"sCj�� !É$©%�A&

kMMSE, movement model similarity evaluation 

schemelM'�árMMSECj/��(é��)

*Ä+�¯+,�kMROFDM, movement range 

oriented forwarding and dynamic multi-coyiesl>m

no�-noØ3�� !��É$©V����

ë�[�9"6��é��¿����)*àÄ

+"#[Í3,�./01"�¯23t#4!�

�´��,�����56Õ78"MROFDM n

o9�*�+,�>mnoÉ:"�����;<

�·�«=�BG{Vè2{� 

2  ������ 

ý����> ?§��ç)*à"|Y@´

��
�������k45�AçJ��BC

�D��EôY"F�GH�D�
�����

��l"�ìÑ��À��~��I9��Q��

DJ@´��Kt·����uL"#[�M�

��?
�����"st�«��"�N�Ö�

ì�ý��º]���ÖY���.O
���

������� 

����Y°� 3�P~��Q���d>äV

>L"|YDR\rS��Y"T�URÉñð§�

VW>äV>LXÔ/���Y¯6X"B'3Z(

[ { , }G V E= \8"]ç�>ä��ç^�"_V Y

�ç`a"5Õ>L�q 2ç>ä"VW EY�a

��b��D«+JEô>�cÅ+,Ômd�d

NeXÔ�Q[��Ö�Z(>����÷

f"ÒÓá����[»¼½��>mno

[5,7,8]
"

�'��ËÌYghiQEô>����� 

5ÕI9���ë�ð§�"VWB'Ðjj

��¿�.��ð§��>�"I9 :kl>L

V>äÀ�".m��¿�

[5]
���ÖY"�V�

���ï\rS�ÀY"�->m:�tBn��

§"T�Y���cop§I9���"t:ìq

rº/[»¼½���Å���¾�����Gs

�:�Y"J@´[�àt°�±²��"F��

2 ç��Ét["I9NÇuBu+v"ìy�[

»¼½���¸{�q�¾����gÙÚI9�

�"�a/I9�Q�[»"ìEQ�j[»¼½

����w¾������Ì���Y�¿�"x

?§�[G?S�"ì�y�[»¼½��Mt·

��"�NB'6������[»����ç¾

§�4���¿g6º¿���� !V����

�¾�"<jMMSE� 

3  �	
��������� 

[»¼½��É:ªr�*�MANET���

7z¾�"«J�©?�mr¿��{|S�}Ô

���'~�ÒÓY"Cjs�3/+��� !"

45�#A�� !Y¿�À��Étø�¹ºO

�´�

[9]
M��>mY��·�ð§SG��

[10]
M

árÜÝ��� !Y"¿�����ér�.�


�ÜÝ

[11]
��Ö������3�� !«¡�

�jM������¾�"�N§" 34 !��

t#������ 

�� 1  ð§ !kFM, fixed modell"��



�78� �  �  �  � � 34 � 

��ð§�>����45=Nd�����g�

	ð§�c�"¹º FM�� !��3��>�

Y :�>ä��-�� !� 
�� 2  >� !kRM, regular modell"�

�������§�*Ð>�"45x�I�~�

r��V��À���: 2ç����N4���

 !��� �j��ë�V#A���ø��D

R�3�� �j��>äk��ð§>äl\8"

T�R�2/��t�ð§>äîRtéð§>

ä���ø�� 

�� 3  t�§ !kUM, uncertainty modell"

��#A��"t·�¦§{�a�45jõ��

������p§��ë"T]ç�������

�Ê�� 

����Y}~ º/?� 3 �t#��� 

!"��¡23Y�����hÆ¢§E�£¤"�

���� !¥¦-�'��ËÌYû�Å�ÒÓ�

�Ö*��35��6X��¿���� !� 

 {vehicle , , vertex []}M id rnd s=  

|Y" vehicleid\8Û§/���� rnd \8��
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©Å��g�Ê)Y">�º»P" 1vertexs  

2vertexs a= = "Ðj6Õ� 1�²�Ê)�É$©

� 0� 1 21 1  rnd rnd− −� �� �⋅ \8 2ç¿�ït#A�

��ø�"ìç¦ÅJ"v��Åq�−1"É$©

Å�"ZGÊ)�Ðj6Õ�−1� 

4  MROFDM ���� 

[»¼½��Y"��Í3árÆ?,���

>mno"ì���{u9uÇÀ��ÈYhÉ"

�DÈ -./01��B

[9,12]
�árMMSE�Ö

CjMROFDM>mno"|á�:����¿�

Êv��´���:,�./01Êv Lç,�

sûGBË¾�´+"À�]ç,�®ëÌGÄ

+:�"p.|Y�ç,�.m��¿�� 

ý�>LV>ä�ð§tÍ�"s©]ç��

·�M�>LV>ä��9������ !��

§��9"ñ�� !�9ÌG�Î»U�Ï1:

�"tgÐ3:+���Ñ�"¼B'Ò]ç��

¢°M������ !�N�]ç��þ��


��D��ë��(���Ä+V,�´+9./

2çh(ÓÔ¨Õ>mno���:�� 
4.1  ��������	
 

�¨ÕÄ+01ÀD"�§"Aç^� dv V∈

9�� !M À��Ö� DM � 

min{dis( , )},  .vertex , type( ) UM
 

undefined,  type( )

m m
d i iv v v M s M

MD
M UM





∈ ≠



=





=





  (7) 
|Y" 1 2( , )dis v v ×�3rÐj^� 1v V 2v À��

Ö�" MD\8 dv 9 vertex ms ^�YR�^��

Ö�� 

[»¼½��>mno�Ä+:�B'��

��� 2ç¿� 1n V 2n Ét�"ñr 1n ØÙÜà�

��´� ip "|��¿�� dn ",���� 1k,

���Jr 1���6� 4.2¿Y¨Õl"k 2n Eè

ºÚ ip Y�¿�" 1n 6��´�Ä+< 2n " 2n Ø

ÙÜà���´�Û'��NÄ+�:����Ü

ºèY�¿��:�� 
�Ö�3 MMSE ´Ý%� dn 9 1n �� !'

( dn 9 2n �� !�É$©"mÉ$©��¿�¤

� ip "5ÕÉ$©É#"��¿���[�9"

´ÝÐj 1n V 2n ��D��ë9 dn ��� !À

��Ö�"mÖ���¿�¤� ip �5ÕÖ��

undefined"m�!�¿��¥¤� ip � 

��´�Ä+:�Y´ÝØ3/ !É$©

V�[��ëÄ+01"|��¼�rÒ��´�

é$��¿����)*+Þ"P�À�(é��

)*�Ä+01� 
4.2  ���	
 

����´���¿���� !"B'6�

�´�´� 34�FM��´�dRM��´�V

UM��´��4.1 ¿Y�Ä+01°��çß

Ü"ñr UM��´�"|��¿�9|H¿�

�� !�É$©.� 0"#[9M�^��Ö

�.� undefined�ì�mr«¡àá UM !>

�M}Ô�� 

��ÒÓÈ£Á�a,���B'C�>m

�{u"s©<j/,���ÐjhÆ

[12]
"�Nñ

rUM��´�"B'�:è��a,����0

1C�>m{u�'Tâª�a,���Ú!ga

ã��Â�"M'�Ö�3,�./�01"�,

��´+äL"¢£��Ôå��DC�"�¯ë

Ë¾ FMVRM��´��,��"s6Ë¾�,

��æç<UM��´�� 

´+�O�¿�6��´�� Lç,��Q

< 1L− çt#�¿�"�
¢è�ç,�"]ç¿

�éê+Îqë#�ç��´��,��� 2ç¿
� 1n V 2n Ét�"�*�,�´+ÌG:���ñ

r¿� 1n ØÙÜà���´� ip "|��¿��

dn ",���� 1l > "© 2n ØÙÜà�� ip �,

�"VW 1n 6 2l ç,�+Þ< 2n "�
¢è 1l ç"

�~�§ 1l 9 2l �¦"�- 1 2l l l+ = " 2n ØÙÜà

���´�Û'� 
ár MMSE B'-."5Õ 2n 9 dn �� 

!�É$©Jr 0"VW°�·�ª��Étø
�"B'6 2n �� ip �ºèY�¿����§ 1l 9

2l ¦["Ò 1 2l l l+ � "m.�¯Ë¾,�s©¢

£��Ôå������Ö�3Æk8lÐj 1l 9

2l ¦ 



�80� �  �  �  � � 34 � 

 

1 2 2

2

1 2

2

( 1) (1 ( , )) , 1

( , ) 0

/ 2 , / 2

( , ) 0

d

d

d

l l Sim Mn Mn l

Sim Mn Mn

l l l l

Sim Mn Mn



 

 = − ⋅ − =

 







>











   

= =



   













�

 (8) 

ì��¯Ë¾´+01"�+�ºèY�¿�

["��Y�¿�V��¿��� !À��É$

©"�¯Ë¾,����"#[�ìt.ºèY�

¿�["�3í`´+01

[12]
îï´+,��]ç

¿��3Í8balðÐË¾�,�� 

 1 2( )bal bal l l l= + − −  (9) 

�¿�ñòó�UM��´��[ô"5Õ|

bal�¦Jr 0"B'è��|æçexç,�"#
[É2¾¿bal�¦�¿���´��Êvï�� 1λ"

|YUM��´�Ð γ"VWUM��´��Êv�

� 1λ λ γ= ⋅ �ý��¯Ë¾ï�� redu"�/¢¤,

��Ë¾ï�9æçï�À��Z/"ex�~y� 

 
0

λ ex redu

bal bal ex

⋅ =

= − �

 (10) 

¿��3Qõ�hÆÐj redu  

 

1
1

1

1
1

1 1

n n n
n n

n n n n n

l
redu

t

t l t
redu redu

t t t t t

�

�

�

−

−

− −







=















= ⋅ + ⋅





+ +







 (11) 

|Y"∆ il \8ö iÎË¾�,���" it� \8ö

1i− ÎË¾Vö iÎË¾À� â�[�" it \8

ö iÎË¾�[�÷��ÐjË¾ï�[�3[�

÷Ì�øP"B'¢£ùÐ��[{"#[úûâ

ã���¿��]Î´+À�EóË¾ï�sðÐ

bal¦"�]ÎÊvUM��´��Ðj ex¦"�

§,���s¾¿bal¦� 
4.3  �������� 

6º 4.1 ¿9 4.2 ¿�à¼"jí 1 ��/º

3�MROFDM>mno�|Y"n.mm\8¿� n

��� !"n.des\8¿� n��D��ë"n.bal
3rðÐ�¯¾¿�,����msg \8��´

�"msg.to�-��´����¿�"msg.copies�

��´��,���"msg.new()hí3rü��

�´��ý�óñò�"msg.clone()hí3r£&

�çÉ#���´�� ()calex ×�3rÐj�¯�

a�,���"s¾¿ .n bal�¦� ()sim ×�3r

Ðj 2ç�� !À��É$©� ()dis ×�3rÐ

j´+�,���� ()md ×�3rÐj .n des9�

� !À��Ö�� ()udredu ×�3rEóË¾ï

��jí�ö 2)~4)G��/�¿��¯�a,�

���:�Mö 5)~7)G\85Õt.��¿�"
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 1  ¿� n1V n2qþ��>m:� 

1)   for(every msg in n1 cache){ 

2)    if(msg.new() && msg.to.mm == UM){ 

3)       msg.copies += calex(); 

//�3Æ(10)Ðj ex�¦, #[Eó bal�¦ 

4)       } 

5)    if(msg.to == n2){  

//t.��¿�ºÔ���Q 

6)           send msg to n2; countinue; 

7)       } 

8)    s1 = sim(msg.to.mm, n1.mm); s2 = sim 

(msg.to.mm, n2.mm)  

//�3Æ(6)Ðj�� !À�É$© 

9)       if(msg.copies > 1){ 

10)          msg1 = msg.clone(); 

11)          dis(l1,l2); 

//�3Æ(8)Ðj´+,�� 

12)          n1.bal += (msg.copies – l1 – l2);  

//�3Æ(9)Eó bal�¦ 

13)         msg.copies = l1; msg1.copies = l2; 

send msg1to n2; 

14)          udredu(n1); 

//�3Æ(11)EóË¾ï� 

15)      }else{ 

16)          if(s2 > s1){ 

17)               send msg to n2; 

18)          }else if(to.mm != UM && 

md(n2.des, to.mm) < md(n1.des , to.mm) ){ 

//�3Æ(7)Ðj��ë9�� !À��Ö� 

19)               send msg to n2; 

20)          } 

21)       } 

22)   } 

23)  //n2 do the same process as n1 
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car ¿���>��� !"��§ 3 ç>äÌ

�ð§>ä"s©' 20%~30%�ø�#Aåv·
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6789 100m 
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