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Abstract— When we consider the traditional routing algorithm, it requires minimum eight to ten seconds to transfer the 
packet from source to destination. These type of algorithms will increases time, message and space complexity of node. To 
avoid this problem we propose the Fast Time Dependent Shortest Path algorithm with messages in multicast wireless sensor 
network which is basically similar to a distributed Bellman-Ford algorithm and augmented with a β-synchronizer. β-
synchronizer is a special type of synchronizer which has an initialization phase and after initialization it will select a leader 
and the spanning tree is rooted around this leader. Now this leader will check all the leaf nodes in the tree are safe or not, if it 
is safe then packets forwarded over the network by sending acknowledgement to all nodes.  
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I. INTRODUCTION 

 
When we consider the duty cycled wireless sensor 
network it includes the sleep-awake mechanism 
which can violate the assumption of static link cost. 
Many protocols operated in low duty cycle wireless 
sensor network but some will operate in low power 
listening mode. In low power listening mode the will 
switches between active and sleep state.  
Due to the increasing interest in the dynamic 
communication management of transportation 
systems, there is need to find the shortest path for 
communication over a large graph or network where 
the edge and weight dynamically change over time. 
Here in this paper we study the time dependent 
shortest path problem with minimum travel time from 
source to destination. 
For finding the time dependent shortest path we are 
using the Fast Time Dependent Shortest Path 
algorithm implemented by vectors. It is basically 
similar to a distributed Bellman-Ford algorithm but 
the difference is that the FTSP algorithm exchanges 
the parameter values via vectors for time varying link 
cost function and distance function rather than single 
values of static functions. 
There are two steps in distributed algorithm for 
constructing paths. In the first step the spanning tree 
will be generate. In the second step the spanning tree 
will calculate the shortest paths and send 
acknowledgement to the sink node in the network for 
layer-by-layer approach. 
In FTSP algorithm we combine both the steps and 
implement them through iterations. In the first 
iteration the algorithm find the shortest paths for its 
neighbour node in the nearest layer to the sink node. 
For each iteration FTSP goes beyond the one layer 
each time until it reaches the last layer.  
The FTSP algorithm stores only the route information 
to the sink node which is more efficient because of 
their memory constraint. The FTSP algorithm does 

not update the shortest path of the whole network but 
it updates necessary nodes in the network. 
In the wireless sensor network the power budget is 
extremely limited; it is not feasible to maintain a 
fixed communication backbone. This type of network 
is always partitioned and the topology becomes time-
dependent. It means that when any particular node 
wants to send the packet to its neighbouring node the 
neighbouring node may be in the dormant state and 
the sender node has to wait for its neighbour node to 
wake up for transmission of packet over the network. 
The time require to wait for neighbour gets activated 
is called as sleep latency. 
There are various sources which consumes energy 
like collision of packet, overhearing, control packet 
overhead, and idle listening. Idle listening is the 
major source of energy consumption. When nothing 
is sensed, nodes are in the idle state for rest of the 
time. 
Wireless sensor network is an extremely emerging 
technology that has wide range of applications 
including medical, robotic exploration, environment 
monitoring and smart spaces. These all sensor 
networks are distributed sensor networks. 
 
The time is most important in the wireless sensor 
network. If the time information is not accurate the 
valuable data will get loss from the network. 
Therefore the synchronization technique is used in 
the wireless sensor network. The accurate time 
information helps to save the energy of a network. 
By using the β-synchronizer with FTSP algorithm the 
time, space and message complexity of the node will 
be decreases so that the efficiency of a node 
increases. The problem of updating efficiently all-
pairs shortest paths in a distributed network whose 
topology dynamically changes over the time, in the 
sense that link weights can be modified during the 
lifetime of the network, is considered crucial in 
today’s practical applications.  
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II. RELATED WORK 
 

In Shouwen Lai and Binoy Ravindran chose two 
MAC protocols: ALPL and quorum-based duty-
cycling. In the ALPL mode, a node just wakes up for 
a short time during a checking interval to check the 
channel activities. The duration of the checking 
interval varies for different nodes. They changed the 
duration of the checking interval in their simulation 
experiments with four sets, C1, C2, C3, and C4. With 
each set, they randomly chose one element as the 
value of the LPL checking interval for each node. 
With different time slot sets, the size of a message is 
changing. Thus, they used a flexible packet size in 
their simulation. Each element in a vector occupied 1 
byte in all experiments. For quorum-based duty-
cycling, they choose the (7,3,1) and (21,5,1) 
difference sets for the heterogeneous wakeup 
schedule settings. The duration of one time slot was 
set to 100 ms in quorum-based duty-cycling.  
LPL/ALPL in WSNs: LPL means that a node only 
wakes up and listens the channel state for a short time 
period. For example it include B-MAC which is a 
CSMA-based technique utilizing low power listening 
and an extended preamble to achieve low power 
communication. In B-MAC, nodes have an 
independent sleep-wake up schedule. In B-MAC if a 
node wishes to transmit the packet, it precedes the 
data packet with a preamble that is slightly longer 
than the sleep period of the receiver. A node samples 
the medium during the wake up period and if a 
preamble is detected, it remains awake to receive the 
data. Using the extended preamble, a sender is 
assured that at some point during the preamble, the 
receiver will wake up, then detect the preamble, and 
remain awake in order to receive the data. B-MAC 
surpasses existing protocols in terms of energy 
consumption, latency and throughput. B-MAC 
performs quite well but it suffers from the 
overhearing problem, therefore the long preamble 
dominates the energy usage.  
Delay-efficient routing over adaptively duty-cycled 
WSNs: The adaptively duty-cycled WSNs, routing 
will be more difficult due to two reasons: (1) 
intermittent connection between two neighbour nodes 
and (2) changes in the transmission latency at 
different times. In recent year some work has studied 
the delay-efficient routing problem over adaptively 
duty-cycled WSNs. Su et al.  proposed two methods 
to solve routing over intermittently connected WSNs 
for duty cycling. One is by an on-demand approach; it 
uses probe messages to determine the least-latency 
route. And the second method is called as proactive 
method, where all least-latency routes at different 
departure times are computed at the beginning. The 
other one is a centralized approach which is not 
flexible for distributed construction. Time-dependent 
shortest path problem was first proposed by Cooke 
and Halsey. It has been well studied in the field of 
traffic network time dependent graphs, and GPS 

navigation. Some previous solutions for this problem 
mostly work offline using a centralized approach. 
These solutions cannot be applied to WSNs where the 
global network topology is not known by a 
centralized node. The work in discusses two 
techniques for the time dependent shortest path 
problem: waiting and no waiting. Waiting does not 
mean waiting in the buffer, but it means that waiting 
for some time after the data has been delivered (i.e., 
the receiver is awake). In they do not consider the 
waiting policy in their work, since the end-to-end 
latency does not benefit from waiting. 
Dynamic shortest path maintenance: Work in, exist 
for handling the dynamically link decreases and 
increases, and node insertion and deletion in static 
networks. In, an algorithm is given for computing all-
pairs shortest paths, which requires O(n2) messages 
when the network size is n. In, Ramarao and 
Venkatesan give a solution for updating all-pairs 
shortest paths that requires O(n3) messages, O(n3) 
time, and O(n) space. In the worst case, updating the 
shortest path is as not easy as computing shortest 
paths. They suggest two possible ideas toward 
devising efficient fully dynamic algorithms for 
updating all-pairs shortest paths: 1) explore the trade-
off between the messages, time and space complexity 
for each kind of dynamic change, and 2) devise 
algorithms that are efficient in different complexity 
models. 

TABLE I 
Summary of Related work 
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III. PROPOSED WORK 
 

A. Schedule Awareness in Multicast Sensor 
Network: 
In the multicast sensor network the node has to stay 
awake actively to send and receive beacon messages. 
To keep the nodes active we are using the active 
discovery of nodes. There are two types of scenario 
used one is the LPL mode and another one is the low 
duty cycling mode. 
In order to discover the neighbor node, the node has 
to stay awake for detecting the beacon messages. The 
node will wait until the beacon messages are received 
from its neighborhood. 
 
B. Quorum Based Duty Cycling in Multicast 
Network : 
The quorum based duty cycling does not require the 
node should stay awake actively to receive the beacon 
messages. In this mechanism the neighbor node can 
hear each other at least once within a bounded time 
slot by using the nonempty intersection property. 
When the schedule starts the two nodes will be wake 
up complying with any one pair of quorums from this 
pair two cyclic quorum systems can hear each other. 
 
C. Synchronization of Multicast Network : 
Most protocol requires that all neighbor nodes should 
wake up at the same time or transmission. Because of 
synchronization the node has the knowledge of the 
schedule of its neighbor node so that the message 
complexity of nodes can be decreases. 
 
D. Vector Compression Mechanism : 
The Bellman-ford algorithm uses the static values of 
link cost function and distance function. But here we 
are using the compress vector which includes the 
dynamic values of link cost function and distanced 
function. Here we are using the Fast Time Dependent 
Shortest Path algorithm which does not work when 
the vector size is too large. There are two possible 
solutions to avoid this problem first by using the set 
of predefined duty cycle so that the values of vector 
can be bounded by selecting a set of duty cycle. 
The other solution is to adopt vector compression to 
achieve a tradeoff it means that adopt a low accurate 
distance vector which consumes low memory space 
to represent the end-to-latency.   
 
E. β-Synchronization : 
For designing efficient distributed algorithms in 
asynchronous networks the synchronizer technique is 
used. Many researchers used the synchronizer 
technique for decreasing the message complexity of 
any asynchronous algorithm . The β-synchronizer has 
an initialization phase in which particular one node 
get selected as a leader node in the network and the 
spanning tree is rooted around this leader node when 
it is constructed. After the execution of first phase the 
leader node check that all the nodes in the network 

are safe. If all the nodes in the network are safe then 
it broadcast the message along the spanning tree and 
all the nodes in the network will generate a new 
pulse. After that once node and all its descendents in 
the tree are safe the leader node sends an 
acknowledgement to its parents.  
 

 
Figure 1. Architecture of Wireless Sensor Network Using β-

Synchronizer. 
 
Above figure 1 shows the initialization stage at this 
stage the router will set and all the nodes in the 
network get activated for communication. 
At the second stage the sink node will initialize. Sink 
node acting as a central coordinator of a network.  
The β-synchronizer perform routing and packet 
scheduling. By using the β-synchronizer the time 
require for whole communication will be decreases so 
that the time and space complexity also decreases. 
 
CONCLUSION 

 
In this paper we have studied the architecture of 
wireless network using β-synchronizer and various 
phases require to keep the node active only when it 
needed. Also studied the distributed shortest path 
routing problem in duty cycled wireless sensor 
network using β synchronizer for decreasing the time, 
space and message complexity of a node.  
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