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Abstract Wireless sensor nodes adopting the advanced preamble detection function,
Message-In-Mesage (MIM), maximize the concurrent transmission opportunities due to the capture
effect, result in improving the system performance significantly compared to the legacy IEEE
802.15.4 based sensor devices. In this paper, we propose an MIM capture probability model to
analyze the performance gains by applying the MIM function to the wireless sensor nodes. We
implemented the IEEE 802.15.4 and MIM by Python and performed extensive simulations to verify
the performance gains through MIM capture effects. The evaluation results show that the MIM
sensors achieve 34% system throughput gains and 31% transmission delay gains over the legacy IEEE
802.15.4-based sensors, which confirm that it was consistent with the analysis result of the
proposed MIM capture probability model.
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Fig. 1. IEEE 802.15.4 CCA
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(a) PHY Capture : Success at higher SINR (>=10dB). An signal of interest
should arrive within the preamble time of an interference signal.

Signal of Interest |
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(b) MIM : Success at higher SINR (>=10dB). An signal of interest can be
decoded even if it arrives after the preamble time of an Interference signal.

Fig. 2. PHY Capture vs. MIM Capture
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Fig. 4. MIM preamble enables concurrent TX in WSNs
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5. 45 ot

5.1 Analytic Study
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Table 1. Notations

Symbol Meaning
Py The Transmit Power
1 Interference
G, The receivers antenna gain
@ The path loss exponent
da The distance btw 2 sensor nodes
dypa The distance between A and RA
dp .pa The distance between B and RA
dy_np The distance between A and RB
dp_np The distance between B and RB
P The received power at RA from the
A-RA transmission of A
P The received power at RA from the
b transmission of B
P The received power at RB from the
A—RB transmission of A
P The received power at RB from the
A—RB transmission of B
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5.2.2 Simulation Results
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Table 2. Performance Results : Collision ratio, average
delay gains, throughput gains

Metric Values

Collision ratio 10.1%
avg. delay gains 31%
Throughput gains 34%
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