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Abstract Fuzziness and randomness exist simultaneously in the routing constraints of wireless
sensor networks. However, the existing routing algorithms only consider randomness, which can
not describe the routing constraints precisely. This paper adopts fuzzy stochastic process and
fuzzy random programming to model fuzziness, randomness and time-varying property of the de-
lay and reliability of wireless links, and proposes a fuzzy random multiconstrained multipath rou-
ting model to reflect real characteristics of wireless links. A novel routing algorithm for wireless
sensor networks is presented, which considers fuzziness, randomness and time-varying property
and has polynomial complexity. Simulation results show that the proposed algorithm can meet
different needs of practical applications for quality of service by flexibly adjusting the strength of

the routing constraints.
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Background

Wireless sensor networks (WSNs) have been widely ap-
plied in many fields such as region monitoring and target
tracking. Different applications may require different quality
of service (QoS) of data transmission in terms of delay and
reliability. As the WSNs deployed in uncertain environments
have limited resources, the multiconstrained multipath rou-
ting algorithm faces more challenges. The existing algorithms
regard uncertainty of routing constraints as randomness or
fuzziness, which adopts probability theory or fuzzy mathe-
matics, respectively. However, the methods can not describe
both randomness and fuzziness simultaneously.

This paper focuses on the above-mentioned topic and
proposes a fuzzy random multiconstrained multipath routing
model. Considering randomness, fuzziness and time-varying
property of delay and reliability of wireless links, the model
achieves the unified modeling of fuzzy uncertainty, random
uncertainty and time-varying property of delay and reliability
in data transmission in WSNs., The MCMP model and algo-
rithm, which are the famous multiconstrained multipath rou-
ting model and algorithm, are extended by introducing fuzzy

stochastic process and fuzzy stochastic programming. Simu-

lation results show that, compared with the MCMP algo-
rithm, the proposed algorithm can precisely reflects the char-
acteristics of routing for WSNs, that is, make the on-time
packet delivery ratio and average delay adjusted flexibly with
fuzzy awareness of link delay and reliability. Therefore, it
can meet the needs of different applications for QoS by adjus-
ting confidence level of fuzzy number to change the strength
of QoS constraints.
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This paper proposes a novel idea and method considering
fuzziness, randomness and time-varying property simultane-

ously and verifies the expected results by simulation.



