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�the reliability and real-time routing based on 

uncertain delay in wireless sensor network 

CHEN Quan, GAO Hong 

(Department of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China) 

Abstract: The forwarding reliability was proposed by considering the unreliability and the delay of a link, and with 

which, a novel real-time routing protocol(RSPEED) was designed. The forwarding reliability denoted the probability to 

deliver the data successfully to the neighbor node under a given deadline, and it was used to achieve probabilistic QoS 

guarantee in timeliness and reliability. The protocol can also make trade-off between the transmission delay and the 

reliability of transmission to improve the probability of successful transmission when the environment and link quality is 

very poor. The experimental results show that the proposed approach can significantly improve the reliability of 

transmission and reduces the number of the missed deadline, and even when the channel is very poor, it can achieve 20% 

higher performance than SPEED. 
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1

( , ) / _

( , ) / _

( , ) _

(log )

(log )

k k

i

i i

k

dist S D dist advance

i

dist S D dist advance

dist S D dist advance

pdr S D FP f P

P

P

P

= =

 

 

=

 

 

 

 

= ∆

∆

∆

∆

∏ ∏

∏

�

�

�

�

 

Z+ 2ÖÂ�g��ÎÏ�Æ¿�9:
»¼

6���ü~¸Ç
ÈÉ�§-Æ9:
¿��®

[���	�¹º`a[
Ý:§��R9:�s


9:�Ù<Ú
ÁÛ,����y�»¿��®

[��¹ºPÅ�Ù
`a[��®[���-Z


 QoS��,§Ïø��gÐÄÅ¿��®[�Î

Ï¿�9:

�, 

�� 3  î�9: a �9: b� ( )b FCS a∈ �

�1ÎÏ(a, b)]�£
��¶²� FP

ab�

f_∆P, 

ÄÅ f_∆P �¿��®[��y%�9: a 


�£¿�9:g� FCSE 

FCSE(a)={b|�1ÎÏ(a, b)]�£
} 

g�9: a 
 FCSE g�XÓ[���9: a
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 FCSEg�6×Ø-Z
ÁÛ�¿�ÁÛ�ÎÏ

§-Æ9:,µ¿�ÁÛ��»¿��®[�¯

h�g�ËÌ9:
¿��®[¾&���Î6


ÁÛ¾7, 

��1°±6�ÎÏ¿�9:]ü��
2

Ø,FCSE h���ÄÅØ;6
�� δ ��®[

eF{P�¯h�¸�e¹º
¿��®[ÐÑ�

iÄÅ�1
s
9:¯h9:
ÇÎ¿�9:

g� FCS,2��9:iî FCS6
�.9:�Ä

ÅÊ¯�
���­�
©8�¯h�áAB��


æP�¿��®[ FP,ÄÅ¿��®[ FP�û

�yì%9:
�£¿�9:g�, 

Íà 3 �yô��FCSE h�
aÕªÙÀv

ÇÎ¿�9:g�
7�×��µ¶ 4)~10)Ú�y

�=PaÕ
«<,9:
ÇÎ¿�9:g�7�

vËÌ9:
.P×��µ9:
ËÌ9:
.P

-ó�]=8,���FCSE h�
aÕªÙÀÓ

o(1), 

 

INPUT��� !"# P$ !"#�%&'���� δ()P 

OUTPUT�*+ a��,-.*+/0 FCSE(a) 

begin procedure 

1) 1*+ a��,-.*+/0 FCSE, 2 FCSE(a)34;

 

2) 5!67789:-.��;<= f_)P; 

3) 9:*+ a�>?-.*+/0 FCS(a); 

4) for ( )b FCS a∀ ∈  do 

5)   9: a@ bAB�-.CD df

ab

= dist(a,D)−dist(b,D) ; 

6)   5!67489: a@ b-.�� _

b

a

r delay ; 

7)   9:EFGHI	�J r

ab

; 

8)   5!67789: a@ b-.KL�MN FP

ab

; 

9)   If  FP

ab

Of_)P  then 

10)      FCSE(a)=FCSE(a) ∪ {b} ; 

11) end for 

end procdure 

P 3  FCSE:Q 

�9:a�-.Í��ë��ËÌ9:��


PÅØ;����9:kl]�]�æ�1
s


9:,g�]��øPÅØ;Û©���ëõg

�X]��M� FCSEh�¯h9:
�£ÇÎ¿

�9:g�� µÄÅr<
��Í¿�9:g�

6ÎÏ��
9:øPÅØ;¿��§-Æ9:�

�¶ÄÅa�
§-Æ9:Û©
ACK�ÜØ;�

Þ�9:
���­�©8
Ê¯,e.�1»¼

-¨_Ý�PÅØ;��s
9:, 

���iôà 16��
fÞ�g��Z
�

� δÓ 20 ms�½�
� RSPEED�y���­�

L

32

� L

21

AB�Ù
æP�Ó 1a�P2>Ý�Ü�

y¹º`a[��¶�a P2 >Ý�Ü�ò<Ú


ÁÛÓ

P2

pdr =0.5×0.5=0.25, 

���½�
�·��¹º`a[
hir�

»#$�Ù
�av�Ù<Ú
ÁÛ�Íµì%Þ

&
�Ù<ÚÛ,gà 4áâ�PÅØ;ÍR9:

Sßà��»RÆ�1Ô���9: a,9: a× 2

.�1ÎÏ�9: b �9: c�ï6�­� L

ab

�

L

ac

äå-æ�Ùá�e
aÕ T

one

Ø�Ó 16 ms�

10 ms�­� L

ab

� L

ac


­�©8Ø�Ó 0.8� 0.5,

>ag�9: a¯h�§-ÆAB
�aÓ 50 ms�

MACëü7AB��
æP r

max

=3��yô�9:

b�9: c��yäå r

max

=3æ����Ó 16×3=48 

ms <50 ms�10×3=30 ms<50 ms,2��y¯h�9

: b
¿��®[ FP

ab

=1–(1–0.8)

3 

=0.992�9: c


¿��®[ FP

ac

=1–(1–0.5)

3

= 0.875,@ýc�

FP

ab

>FP

ac

�ÎÏ9: bÒÓ¿�9:��% 

 

max

1

e one

1

(1 )

r

i

i

delay T iq q

−

=

= −
∑

 (8) 

 

P 4  ?R-.*+�ST 

�y¯h9: b
ðñ�Ù�aÓ 19.456 ms�

9: c
ðñ�Ù�aÓ 15.125 ms�9: b
ðñ

�Ù�a�&� c9:
ðñ�Ù�a�\>�X

qr`a[, 

3.4  ���� 

Ó�ì%� ËÌ9:
�c��.9:�ð

[��á-. beaconØ;�âá×
ËÌ,>¬�

ð[
�á÷]��ãäËÌ9:
���c,�

.9:�åæ-.ËÌã�WËÌ9:
�c�.

eéê(neighbor_id_, position_, tone_, link_quality_ 

window_, expiretime_),expiretime_��Þ�-Ý¦

§��-.ËÌ9:
�cC»-.aÕÖ×Þ�

��øâÍËÌã6çè,neighbor_id_� position_
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Ø�ãâËÌ9:
 id ����c,tone_1��

Ê¯

�%�,link_quality_window_]��Ê¯

­�©8
¸¹, 

1�½���

��­�©8Ê¯���

Ê¯6�¾�PÅØ;¢�

��X���é�


��ßê�Ã.e
��ßê��ËÌT+
�

ð[�á6�PÅØ;
�16,�PÅØ;
�

16�v SPEED -Ì�½�¾�sÝ�Ü��»

ÈÉst9:Þ)
9:yÈ~�ÙÆP

J

Ç£�1�X�XYé�
��ßê,���ËÌ

9:T+îBR	
���������1�g

SPEED��]dÎ
�µ¶·�yø>¬�ð[


�áj�%M=À���]������]öî�

��ë«!~
¥¦a,��½���

�X�

XYé�
��ßê, 

4  ����� 

�-.h�Éì&:
��4í� NS2

[22,23]

r�`��½�
°± RSPEED��¶v-.

baseline°±(SPEED

[4]

°±)Ç£�î ,SPEED°

±]s¸�U�üR
`a�1°±�ïü7
î

9]���¿��ÀÁÂ�M�¿��ÀãâËÌ

9:¿�PÅ
¶�,���MMSPEED

[12]

°±ï

cµ���®[���\].e¾�RÝ�ÜNO



J����®[�µ½�
°±�Í��
*

À�³´­�
©8�&��Ù
�®[�µ¶µ

�y¾�RÝ�Ü

J����®[,NS2 �

DARPA ^_§��»ºð
������	��

M=ñò
��4íÚ��éê	
�á40!

MAC ë�­�ë4í),ã 1 z<�`t"#


j��ï6���óP
j�.e]ÄÅ Berkeley 

mote
t¤�jZ, 

� 1 ���� 

MACZ 

[  

802.11 (simplified DCF) 

	\]^ two-ray ground 

_` 200 m×200 m 

*+  100 

*+a3]^ uniform 

	bcd 40 m 

 

v SPEED

[4]

6¾�
j�öT���æ4í

6�ø 100.9:±ô�o�� 200 m×200 m
q

õ6,���Ó�XY	
�����6­�
X

�®[�ö÷
��"#���.9:6U��-

.�IßCØ;40 Error Model

[22]

,Error Model

] NS26��
-.ßCØ;40���4í­�

��òPÅay-Z
 Û�ø,�`t6�j�

�ø
 Û(error rate)Ó 0.1,������6�.

e× 2¬584J�hù4J�:�:4J��`

t6�.e³´
]:�:4J(peer-to- peer),�

æ�I�Íqõúûü�Î9:ÒÓR9:�iÍ

ýûüÎÏ9:ÒÓs
9:,�æR9:�<-

. CBRPÅ5�PÅØ;
7�jÓ 512 byte��

<
�ÛÓ 2.0 packet/s,�`t6�R9:�s


9:
°±ÆPÓ 8~9Æ, 

Ò�.eÍPÅØ;þ¹º`a[eF f

(deadline miss ratio)!Ca f(delay ratio)!�ÙC

¼ f(fail ratio)yz�.PÅØ;1�1ÔÕ


�a(E2E delay) 4.
Ï���½�h�
`a[

��®[,PÅØ;�ÙC¼ fãâ
]'?1

�VW�C»��æPEF
þ���s
9:

áP
 f�.e]��$8�Ü
��[,PÅ

Ø;Ca f�]PÅØ;<Ú��s
9:�\

]C���Z
�� δ
 f,PÅØ;þ¹º`

a[eF f�éêPÅØ;Ca f�PÅØ

;�ÙC¼ f��`a�1°±
j¯6�]-

.M=�e
$8t¤, 

4.1  ����	 

�`a�1°±
j¯6�`a[
¹º]-

.M=�e
$8t¤,�� !� RSPEED v

SPEED��� δÍ 0.12~0.25 sKLa�2¬
��

¹º`a[
Ï
[�,à 5(a)ãâ
] 2¬°±�

�� δÍ 0.12~0.25 sKLa
PÅØ;Ca f�`


áâ��PÅØ;�ÙC¼ f��
áâ�,Í

à6�yô��� δ¾��PÅØ;Ca f¾&�

��� δX7� 0.16 s��PÅØ;Ca f��X

Y��aÖÂ��¹º`a[
¸�§��ÆAB

��
æPÔ~�µ­�
©8�	���,���

���� δ ¾7�RSPEED 
PÅØ;�ÙC¼ 

fµ¾À�PÅ�Ù<Ú
ÁÛ¾&�\] SPEED

�Ù<Ú
ÁÛûÖ×�ËKL�>]�Ó SPEED

���1ÎÏ
»¼6Ö×³´­�
©8, 

Íà 5(a)6·�yô�½�
	PÅØ;�Ù

C¼ f SPEED À@R��µ�%½�
	P

ÅØ;þ¹º`a[eF f°±e SPEED À
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10%úý�gà 5(b)áâ�,>]�Ó SPEED�Î

Ï¿�9:
»¼6ÎÏ¿��Àü¶
9:�µ

½�°±��`a[
Ta·³´��®[,Íà

5(b)6·�ô���� δ�� 0.12 sa�½�
	

PÅØ;þ¹º`a[eF fe�&� SPEED,

�Ó�>¬¥¦§�÷�ÎÏ¿��Àü¶
9:

Ç£�Ù�g��ai�&�Ù
�®[�µX�

¹º�®[eF��µ���EFÞR
PÅØ;

Ca,g��� δÓ 0.1 sa�2¬
�
PÅØ;

þ¹º`a[eF fº
�Ó 40%úý�Å&�

jZ
ÐÑ 20%, 

 

 

P 5  �e��<= δf�gh 

à 6�ã 2 !
] 2¬°±��� δÓ 0.25 s

a1�1ÔÕ
��,gà 6 áâ�2 ¬
�º


á×PÅØ;
������Z
�� δ=0.25 s�

�ap<PÅØ;þ�¹º`a[eF
.e�

��]Ø;�ÙC¼,gã 2 áâ��y�(�

SPEED 6×ÞR
ßCØ;¥¦(E2E a�Ó 0)�

× 42.Ø;�ÙC¼�µ RSPEED÷× 22.Ø;

�ÙC¼,ïc RSPEED× 2.PÅØ;Ca�\

½�
	
PÅØ;þ¹º`a[eF
 f÷

× 9.41%�µ SPEED °±�Ó 16.22%�º
]½

�°±
 2 
,>]�Ó SPEED °±�ÎÏ¿�

9:
»¼�÷wF¿��À�ÎÏ�ÙÈÉÅ!

�a�
9:ÒÓ¿�9:�µÖ×³´ÈÉ¾

Å�î�
�®[�¾À, 

 

P 6  �� δ=0.25 s�i@i���gh 

� 2 δ � 0.25 s� 2�	
��
 

jk 

[  

SPEED RSPEED 

l� !"# 0 2 

mn !"# 42 22 

o !"# 259 255 

pqr��;gS 0.162 162 0.094 117 

st��/s 0.067 932 0.107 322 

 

ÍrÏ
`t6�yô�½�°±�¹º`

a[
eF§��»Ee�Ù
�av�Ù<Ú


ÁÛ��&�PÅ<Ú¿�
ÁÛ,�	
���

��6���¼��Z
�� δÄÅ&:
[©X

T�µeF
��¼ÀXT�µ¶�� δ
��¼

À·vs
9:
ÈÉ×�,>Ì��1°±��

�1ÎÏ
»¼6��yÄÅ�� δ
��¼À�

�­�©8 !"a���&�Ù
�®[, 

4.2  
���	 

à7î½�
���®[¹º
Ï
[�Ç£�

Ø-,½æ`t6� !���� δÓ 0.2 s� 0.15 s 

2¬¥¦§���®[eF ∆PÍ 0.65 KL� 0.9a


PÅØ;þ¹º`a[eF f,Íà76�ô��

��� δÓ 0.2 sa����®[eF¾&�½�°

±
PÅØ;þ¹º`a[eF f¾À�ÖÂ½�



�ÎÏ�©8Þ&
­��¿�,��� δ Ó
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0.15 sa�PÅØ;þ¹º`a[eF f�]��

�®[eF ∆P 
XYµÈ~�µ� ∆P X7� 0.8

a��aiXY ∆P�þ¹º`a[eF f�µ¾

&,>]�Ó��� δM=�µ¶­�©8@"a�

Ó���»&
�®[eF���EF9:ÎÏ�®

[&\��!7
9:ÒÓ¿�9:�EFPÅØ;

Ca fyzþ¹º`a[eF f
XY,�aÖ

Â­�©8	�¹º�®[eF, 

 

P 7  �e��;uvf !"#pqr��;�gh. 

à 8 !
]�XT
��"#§ 2¬
�


PÅØ;þ¹º`a[eF f,à 86
ø�Û

(error rate)ãâ Error Model6Ø;�ø
ÁÛ�ø

�Û¾7�ãâ­�©8¾"���"#¾ö÷,

Íà 8 6�ô���ø�Û¾&�2 ¬
�
PÅ

Ø;þ¹º`a[eF f¾&�µ¶½�
	


þ�¾Âý��Ó½�
�³´�­�
�®[�

µ SPEED÷³´�­�
��, 

 

P 8  �ewxNf� !"#pqr��;�gh 

4.3  �
������ 

à 9Ø-�½�
��XT
ÆP§PÅØ;

þ¹º`a[eF f�PÅØ;�ÙC¼ f,

½æ`t6�jZ�� δÓ 0.15 s��Ù
ÆPÍ 5

XY� 9,gà 9 áâ���ÆP
XY�PÅØ

;þ¹º`a[eF f�PÅØ;�ÙC¼ 

f¾&�\]Ò���

�
PÅØ;þ¹º`

a[eF f�PÅØ;�ÙC¼ f�e 

SPEEDÀ,à 10Ø-��XT
PÅØ;�òÛ

(packet rate)§ 2¬
�
PÅØ;þ¹º`a[e

F f,Íà6�yô���PÅØ;�òÛ¾

À�PÅØ;þ¹º`a[eF f�ÔÈ���

¶½�
�
PÅØ;þ¹º`a[eF fe

þ� SPEED,ÍrÏ
 2;`tô���XT
Æ

P�PÅØ;�òÛ§�½�
��eþ�

SPEED,>]�Ó½�
�X²³´�`a[�·

³´��®[��¹º`a[
¸�§��&�P

ÅØ;�ò<Ú
ÁÛ, 

 

P 9  �ey f� !"#pqr��;�gh 

 

P 10  �e"#.zNf� !"#pqr��;�gh 

5  ��� 

1�	
�����
«�[�X�®[�E

F1�1ÔÕ
��]XYZ
�>�`a�1


j¯�����
�p,���½�;�³´�­

�
©8v­�
�a����-¬�
¿��®
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