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Successive Interference Cancellation Based Low-Delay Broadcast Algorithms for
Wireless Sensor Networks
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Abstract In recent years, the rapid development and maturity of sensor technology, embedded
computing technology and communication technology, along with the growing miniaturization and
intellectualization of sensor nodes have promoted the wide application of wireless sensor network
in military and civil fields, such as battlefield surveillance, intelligent transportation, precision
agriculture, health monitoring of building structures, disaster recovery, environmental monitoring,
and medical monitoring, etc. The purpose of broadcast is to distribute data from the source node

to all the sensor nodes in the network, which is mainly used for routing discovery and important
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announcement in wireless sensor networks. When wireless sensor networks are used in the delay-
sensitive fields, such as battlefield information acquisition or fire monitoring, the data need to be
quickly broadcast from the source node to all the sensor nodes in the whole network. Therefore,
designing low-delay broadcast algorithms has very great theoretical research significance and prac-
tical application value. However, because of the broadcast characteristics of wireless signal trans-
mission, the signal transmission of nodes will interfere with the data reception of all nodes within
the interference range, and signal interference is an important factor that affects broadcast delay.
The minimum-delay broadcast problem under the constraint of signal interference is NP ( Non-
Polynomial)-hard, and it is difficult to design a polynomial-time optimal algorithm. Existing research
work usually designs low-delay broadcast algorithms by using the interference avoidance schedu-
ling method. Although these algorithms can avoid interference between signals, these algorithms
cannot increase the number of broadcast links that can transmit concurrently, and thus cannot ef-
fectively reduce the broadcast delay. In order to solve this problem effectively, a greedy broadcast
algorithm called GreedyB is first designed. The GreedyB algorithm layers the network nodes by
constructing the breadth first search tree. The broadcast tree is constructed according to the rule
that the nodes that cover the most nodes will be first chosen as the parent nodes. Finally, the broad-
cast links are allocated through the methods of layer-by-layer scheduling and interference avoidance
scheduling. On the basis of the greedy broadcasting algorithm GreedyB, this paper designs anoth-
er broadcast algorithm called SICB by combining with successive interference cancellation technol-
ogy, which is devoted to further reducing the broadcast delay. Unlike GreedyB algorithm, SICB
algorithm analyzes whether the broadcast links meet the conditions of successive interference can-
cellation when the transmission time-slots are allocated. When the conditions are met, SICB
algorithm schedules broadcast links at the same time-slot. When the conditions are not met,
SICB algorithm does the interference avoidance scheduling. In this paper, through theoretical
analysis, we prove that both GreedyB and SICB algorithms can provide correct broadcast schedu-
ling schemes without signal interference, and their time complexity and space complexity are all
polynomial time. In this paper, the performance of the proposed algorithms is analyzed through a
large number of simulation experiments. The simulation results show that, GreedyB and SICB
algorithms have lower delay than the existing broadcast algorithm under different network param-
eters including the number of nodes, the maximum transmission distance, the transmission power
of the signal, the noise power and so on, and the performance optimization ratios are up to
43.5% and 52. 7% respectively.

Keywords wireless sensor networks; broadcast algorithms; interference avoidance scheduling;

successive interference cancellation; link scheduling; time-slot assignment
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Background

Wireless sensor networks have been widely applied in many
areas, such as battlefield surveillance, intelligent transportation,
precision agriculture. structural health monitoring. disaster
recovery and environmental monitoring. Broadcast is an
important operation in wireless sensor networks. In many
delay-sensitive fields, the data is required to be broadcast to
the sensor nodes with low delay, and thus it is critical to
design low-delay broadcast algorithms. Existing work has
proved that, the minimum-delay broadcast problem under the
constraint of signal interference is NP-hard. Previous researches
use interference avoidance scheduling methods to design
low-delay broadcast algorithms. Although these algorithms
can effectively mitigate the interference between signals,
these algorithms reduce the number of broadcast links that
can be transmitted concurrently, which is not conducive to
reducing broadcast delay.

In this paper, to increase the number of broadcast links
that can be transmitted concurrently, we study how to apply
successive interference cancellation technology to design a
low-delay broadcast algorithm. First, we propose a greedy
broadcast algorithm called GreedyB according to the rule that
the nodes who cover the most nodes will be first chosen as
the parent nodes. GreedyB algorithm uses the layer-by-layer
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schedule the broadcast links, which effectively solve the
problem of signal interference, but the number of concurrent
transmission broadcast links is limited. Then, based on
GreedyB algorithm, we present another broadcast algorithm
called SICB by combining with successive interference
cancellation technology. SICB algorithm makes full use of the
benefits of successive interference cancellation to schedule
broadcast links, relaxes the limitation of link interference and
increases the number of broadcast links that can be transmitted
concurrently., The correctness, time complexity and spatial
complexity of these two algorithms are analyzed. The results
of performance evaluation demonstrate that, GreedyB and
SICB algorithms achieve lower delay than the existing
algorithm.
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