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Main Goal & Research Challenges

- Goals and Research Strategy:
Design and real-world implementation of a subsurface wireless communication system which:
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a) has low TCO (total cost of ownership) and b) is easy to deploy and operate A o
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* Maln Cha"enges' Current Readiness:
1) Achieve multi-year lifetime for non-rechargeable batteries [] I 5
2) Achieve communication range +15 meters under low-power regime o & nrudardetecton ¥
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3) Anenvironment agnostic solution: soil conditions cannot impact performance MM Security

BETS: a novel cross-layer protocol for low duty-cycle WSNs 2]

» Our existing over-the-air solution:
» Current application: SoilSCAPE project for the NASA’s SMAP Mission
+ Time-proven solution (~2 years) o .
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* Currently, the most energy-efficient known solution for wireless sensor networks (WSNs)
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+ Results (consider a 0.3% application duty-cycle) [23]:
» Typical WSNs: network overhead ~5%
» BETS solution: node lifetime extended by ~350%

3.6V, 19Ah battery lifetime (years)

* BETS-UG: on-going research toward soil subsurface communication:
» Support store-and-forward mechanism (agriculture)
+ Support for event-driven applications (security and emergency response) Bl
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Network overhead added to the overall duty-cycle

LwWSN Antenna: Lateral-Wave Based Antenna

* Related work:
® Communication range <1m (433MHz, 10mW tx power, 17cm quarter-wave monopole antenna) [4]
® Communication range ~20m (27MHz, +1W tx power, 2.8m quarter-wave monopole antenna) [%]
© Magnetic-Induction method: under development (so far, low power devices are not available)
* Our work:
- Based on previous investigation of insulated antennas for submarine comm. (1950-80’s) [4]
N . . P ]7 + antenna cost (<$10), ease of installation, and dimensions (<60cm)
* Novel design considering: - L. oo .
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Wml. ! N = * Preliminary results with the new antenna:
Commeta) Setup: 30cm depth, 433MHz, 10mW
T e © El Segundo Beach, CA (29Jul13):
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*Comm. range 15m (100% PRR)

© Bureau Land Mng., Jackson, CA (20Aug13):
*«Comm. range 20m (57% PRR)
*«Comm. range 18m (100% PRR)

Receiver * PRR: Packet Reception Rate

Conclusions & Future Work

* Soil subsurface communication based under low-power regime is feasible (~20 folds for communication range).
* A detailed study of different types of insulated antennas for subsurface communication is still needed for comparison.
*We plan to conclude the design of the BETS-UG and the .wWWSN antenna by the first semester of 2014.
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