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Problem Statement

« Backscatter: low power (10s of microwatts) communications by piggybacking on existing signals
» Energy harvesting
» Persistent sensing
* Low/no maintenance

3 Unmodulated carrier signals

 Current practical range: ~1 meter — = ¥ Backscallored signals
« Impractical for many outdoor applications
« QOur goal:
+ alow-power backscatter system (<100 uW) Reader Backscatter
« for loT applications ))) transmitter
« with practical ranges (~100s+ meters) ‘ |
+ by applying digital communications techniques ek >
Forward error correction == L-:

Spread spectrum

Target Application
« Sensing temperature for Atlanta urban heat islands. Monostatic backscatter

Graphic source: Van Huynh, Nguyen, et al. "Ambient backscatter communications: A contemporary survey." IEEE
Communications surveys & tutorials 20.4 (2018): 2889-2922.
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GNU Radio Flowchart for Demodulation

Options Variable
1D: BS_'OT 1D: symbol_dur
Generate Options: QT GUI Value: 400 Constellation Object
1D: bpsk
Constellation Type: BPSK
Constellation Decoder Virtual Sink
Varlable Variable Constellation Object: .. PSK> Stream ID: demod_bits
ID: f_cent 1D: samp_rate
Value: 915.106M Value: 1.20482M
Variable Variable Variable | [ Variable S T
S Number of Points: 1.024k
Variable Variable 1D: dec 1D: sig_bw 1D: sps 1D: nfilts = Rate: 1.20482M
1D: rx_bw 1D: rf_gain Value: 1 Value: 25k Value: 48 Value: 32 Aut ; s No '
Value: 1.20482M | | Value: 20 :
Low Pass Filter Polyphase Clock Sync
2 g AGC3 Costas Loop
e e D Attack Rate: 1m e — Loop Bandwidth: 62.6m QT GUI Constellation Sink
Samp Rate (Sps): 1.20482M Gain: 1 Loop Bandwidth: 62.6m =)
Decay Rate: 100u Order: 2 N of Points: 1.024k
ChO: Center Freq (Hz): ...06M Sample Rate: 1.20482M R ey Taps: firdes.root_raised c... g
ChO: Gain Value: 20 l .. Cutoff Freq: 25k l .. ELEE ' l .l Filter Size: 32 5
ChO: Antenna: TX/RX Transition Width: 6.25k s .Galn' 65.536K Initial Phase: 16
O e e Lo '" m"".":;:a'""‘"" 1IR Update Decimation: 1 :""“'"'s“’:_”; Meviatioes 15 QT GUI Time Sink
S = Number of Points: 1.024k
Sample Rate: 1.20482M
Autoscale: No
QT GUI Frequency Sink
FFT Size: 1.024k
Center Frequency (Hz): 0
Bandwidth (Hz): 1.20482M
Variable Variable Variable
ID: preamble ID: num_copies 1D: num_bits
Value: 1010101000001111 Value: 5 Value: 40
QT GUI Number Sink
Preamble Detector ( .:;_"Gm‘ o - Pack K Bits Name: Decoded with threshold
Virtual Source Preamble: 1010101000001111 Parity ’l" 2 K: 6 Autoscale: No
Stream ID: demod_bits Data Len Bits: 40 c Re a5 Average: 0
Header Len Bits: 0 B Graph Type: None
File Sink
Flle: ..files/BS_decoded.txt
Unbuffered: Off
Append file: Overwrite

QT GUI Number Sink

Name: New Output checker
Subtract Complex To Float ’I Mo

Average: 0

Graph Type: None

Custom GNU Radio blocks
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Results

Decoded with threshold
Data0 New Output checker
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Results - Packets
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Throughput: 25kbps

Range: >7.65 meters (with line of sight)

214 2
Link Budget: P, =PTGTGRG,A XM
get. 4 2.9
(47r)” ©°B°F,
PT GT GR Gt A X M r O] B Fa PR
Fade margin
for 1E-3
Receiver Tag Antenna Reader-to- Tag's on- Path- Error rate
Transmitted Transmitter antenna antenna g polarization Modulation tag object blockage with 6 dB Received
Description power (W) antenna gain gain ain Wavelength (m) mismatch factor separation gain penalty loss SNR power
Raw value 0.03 3.98 3.98 3.98 0.33 1.00 1.00 7.65 1.23 1.00 6.31 8.69E-11
dB value -16 dBW 6 dBi 6 dBi 6 dBi 0 0 0.9 0 8 dB -100.5 dBW

*Link budget based on: Griffin, Joshua D., and Gregory D. Durgin. "Complete link budgets for backscatter-radio and RFID systems."
IEEE Antennas and Propagation Magazine 51.2 (2009): 11-25.




Power Budget Calculations

E Analog components

[l Digital components
125 kHz
Tag Componetts = o JE e

Temperature 12 Digital:

Sensor Preamble + Data

Microcontroller

Power Budget Calculation:

. —
Temperature, lel-te-d by Reasonable for
Light Sensor 20 uW > existing
hardware low-power tag

Digital:
Preamt?le + Data <5 uW S— < 30 UW

Oscillator Change from BJT to MOSFET

125 kHz 500 uW > 500 nW!

Based on Clapp Osc.
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Future Directions

« Extend range
» Lower data rate -> Narrowing bandwidth
« Power amplifier on transmitter
* Interleave preamble for channel estimation

* Lower power
 Build ASIC based on previous slide

* Improve usability
» Spread spectrum
 Deploy in the field
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