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 Direction of arrival (DoA) estimation
using low-cost passive backscatter radio
tags and a single antenna receiver
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Prior Art — Single Source

d Passive backscatter tags emulate a
spatially distributed antenna array

d The source signal is modulated onto
different frequency bands

dNo CSI or centralized coordination is
required

Topologies

1 Linear: Inter-element spacing d, = 4/,
d Linear-2: ULA with nominal spacing d, =

22 perturbed as ~ N (X¢ag, “/4 I2)
1 Random-Grid: Regular grid with nominal
spacing d, = 12.54 perturbed

as ~ N (Xtag, d0/4 [7)

d Random: Tag angles and distances from
the receiver drawn from U(0, ) and
U(1,20) m, respectively
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Generalization —

Multiple Sources
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 Tag-to-collector delay
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1 Complex baseband equivalent signal at the tag
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 Tag’s switching signal
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 Tag-reflected signal at the collector
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1 Received signal at the collector
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1 Correlation-based tag signal extraction
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u Statlstlcs from the correlators’ outputs
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where  A(0) — [hp(t’)-), h,(02), ..., hp(ﬁi\r)],
hpga) = (h(@)og). h@) = [h(0),....ha(0)].
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Analytical and Simulation Results

linear topology linear-2 topology
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Number of tags

J The synchronization mismatch disrupts the array beampattern

1 Tag position randomization eliminates sparse array ambiguities

J The random-grid array offers better coverage than the linear ones
J The random-grid array attains accuracy closer to CRB than the
linear arrays

Conclusion

1 Extended the single-source method to multiple signal sources
d Tag position randomization improves DoA estimation

Acknowledgments
 This work was supported by NSF project 2433991




	Slide Number 1

