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1. INTRODUCTION
• Precision agriculture applications:

Environmental variables monitoring @ soil moisture.
• Necessity:

– Classic WSN approaches > 1000 nodes!
→ Cost, Scalability, Power constraints.

• Ultra-large scale, ultra-low power, ultra-low cost envi-
ronmental sensing.

• Solution: Bistatic Backscatter radio networks!

2. SCATTER RADIO PRINCIPLE
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• Antenna load switching @ Fsw .
• When carrier with Fc → Subcarriers @Fc ± Fsw .
• Single RF switch/transistor, µW communication!

(RFIDs)

3. TOPOLOGY APPROACH
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• Bistatic - dislocated topology.
• Semi passive tags (Energy assisted).
• Low-cost carrier emitter @ 868 Mhz.
• 1 Receiver low cost commercial software defined

radio(RTL-SDR).
• Low bitrate (sensing)=> Ranges ≥ 100m!

4.TAG IMPLEMENTATION
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• Capacitance to frequency converter

– Timer IC 555 connected to a RC network (astable
multi-vibrator mode).

• Custom (FR4) capacitive soil moisture sensor.

• Custom Bow tie antenna @ADG902 RF switch.

• Consuming µWs (CRC232 coin battery).

• Frequency modulation (FM) of soil moisture.
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5. SDR READER
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• SDR RTL2832U USB dongle.

• Ebay cost: 6$.

• Single FFT receiver Algorithm: (i-th tag subcarrier fre-
quency)

F̂i = argmax
F∈[FLi,FHi]

|X(F )|2. (1)

6. SENSOR NETWORK
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• BSN = Tags + medium access scheme.
• Unique R2i, Cpi, different frequency bands.

Fswi =
1

ln(2) 2R2i (Cpi + CSM)
, (2)

• Frequency Division Multiple Access (FDMA).
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7. SENSOR CALIBRATION
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8. 8 HOUR INDOOR DEMO
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