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A Probabilistic Inference Mechanism for Sensor-actuator
Networks with Disconnected Operation

HiroTO AIDA, MASAYA KADOTA," JIN NAKAZAWA?
and HIDEYUKI TOKUDA'

Sensor-actuator netowrk is a key component of seamless computing. This paper proposes
a novel context inference mechanism for sensor-actuator networks called PIMSANDO, which
enables the context inference based on Bayesian networks by sensor nodes that are discon-
nected from the sink node. In a statically centralized sensor-actuator network, the backbone
server connected to the sink node is the single static node that is always responsible for in-
ference and actuation. Therefore, if the sensor nodes are disconnected from the backbone
server due to power failure, movement, or other events of relay nodes, they cannot keep their
actuation capability since they rely context inference functionality on the backbone server.
PIMSANDO achieves robustness against the disconnection by delegating a part of inference
and actuation responsibility to the sensor nodes. When a sensor node detects a disconnec-
tion, meaning that the backbone server cannot continue to infer contexts, the sensor node
temporarily starts inference and actuations based on inferred contexts. When the node de-
tects a reconnection, it delegates the inference/actuation responsibility back to the backbone
server. By delegating the responsibility back and forth, PIMSANDO can adapt to the network
failure keeping a powerful context inference scheme based on Bayesian networks. This paper
shows a prototype of the system using MICAz Motes and evaluates it with various contexts
with different complexity to infer. The evaluation shows that our mechanism decreases the
network/computational load in sensor nodes, thereby entailing energy efficiency with flexible
and robust context inference using Bayesian networks.
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Fig.1 Network disconnection in sensor-actuator network.
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Table 1 Comparison of inference delegation scheme.
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Fig.2 Bayesian Network for Working context.
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02 Working OOOOOOOOOOOOOOOO
Table 2 A part of the marginal probability distribution

associated with Working context.

Working 000000 oood
Lights | Temperature | Movement | Sound | Time | true, false
dark cold stable calm | day |0.30, 0.70
dark cold stable calm |night|0.07, 0.93
dark cold stable noisy | day |0.20, 0.80
dark cold active calm | day |0.03, 0.97
dark warm stable calm | day [0.30, 0.70
dark warm active noisy |night | 0.05, 0.95
bright cold stable calm | day |0.92, 0.08
bright cold active noisy |night [ 0.08, 0.92
bright warm stable noisy |night [ 0.88, 0.12
bright warm active calm |night|0.16, 0.84
bright warm active noisy | day |[0.08, 0.92
bright warm active noisy |night | 0.03, 0.97
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Table 3 The combination indices corresponding to

Table 2.
poooooooo gooo
0 (00000) 0.30
1 (00001) 0.07
2 (00010) 0.20
4 (00100) 0.03
8 (01000) 0.30
15 (01111) 0.05
16 (10000) 0.92
23 (10111) 0.08
27 (11011) 0.88
29 (11101) 0.16
30 (11110) 0.08
31 (11111) 0.03

04 DDODOOODOOOODOO
Table 4 The primitive contexts and their division

number.
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Fig.5 Complexity vs. inference overhead.
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Fig.6 Energy consumption of data collection.
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Fig.7 Energy consumption in a disconnected network.
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