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v Backscatter & MIMO

e Backscatter * MIMO

— Consume little energy — Widely used

— Enable lots of 10T applications — More reliable and faster
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v Backscatter X MIMO

* Related work (MOXcatter [Mobisys’18])
— Reflect MIMO signals

— Conventional backscatter techniques
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* A versatile MIMO backscatter

— Leverage MIMO technique on backscatter tags
— Support space-time coding, spatial diversity, and generic design

— Dramatically decrease BER (862x) and increase throughput
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Why VIMscatter
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" Challenges
e C1: Modulation Tx
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— How to implement space-time coding
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e C2: Demodulation
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channels and post-scatter channels



" Challenges
X

* C1: Modulation 1
— How to implement space-time codingj L
> >

by only turning on/off switches

e C2: Demodulation v K N

— How to deal with pre-scatter J -IY »L

channels and post-scatter channels

e C3:Extendto M XK X N

— How to support any number of antennas on sender, tag, and receiver



1. Modulation



1. Modulation

1. Reducing BER
2. Improving Throughput



" Reducing BER
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" Reducing BER
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Improving Throughput
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2. Demodulation



v Demodulation

1. Pre-scatter Channel ‘ 2. Post-scatter Channel

3. Backscatter

The MIMO backscatter contains three stages
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Eliminate Post-scatter Channel
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v Decode Backscatter Data
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¥ Example of Pemodulation Stages
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¥ Example of Pemodulation Stages
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¥ Example of DPemodulation'Stages
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® Extend to MX K XN
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v Extend to M X K XN
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4. Evaluation



" Experiment Setup

140 feet

Sender: A B210 USRP + 2 Antennas

L

Receiver: Two X310 USRPs + 4 Antennas
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Tag: Low power FPGA + 4 Antennas

Support 2 X4 X 4 MIMO

Real-world scenarios:

1. SIMO and MIMO

2. BER, PRR, and throughput

3. Sender-to-tag distance, tag-to-receiver
distance, and sender-to-receiver distance
4. SNR, packet length, oscillator accuracy
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) Packet Reception Ratio
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" Throughput
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The throughput of VMscatter with four antennas is
around 4 times as high as that of related work



V) Conclusion

The first versatile MIMO backscatter system
Address special design challenges

A generic design

Build a hardware platform

Extensively evaluated under multiple real-world scenarios



