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Coherent Distributed Array Applications
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Coherent Distributed Array Synchronization

Time Synchronization  Phase Alignment Frequency Syntonization
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Coherent Distributed Array Performance g
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[1] J. A. Nanzer, R. L. Schmid, T. M. Comberiate and J. E. Hodkin, "Open-Loop Coherent Distributed Arrays," in IEEE Transactions on Microwave Theory and
Techniques, vol. 65, no. 5, pp. 1662-1672, May 2017, doi: 10.1109/TMTT.2016.2637899.

[2] P Chatterjee and J. A. Nanzer, “Effects of time alignment errors in coherent distributed radar,” in Proc. IEEE Radar Conf. (RadarConf), Apr. 2018, pp.
0727-0731.
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System Time Model

 Local time at node n:
T, (t) = ant + 6, () + vy (¢)
* a,. time rate of change

e t : true time

* §,,(t): time-varying offset from global
true time

* v, (t): other zero-mean noise sources
* Do (t) = To(t) — Tn(2)

» Goal:
» Estimate and compensate for Ay,
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Time Synchronization Overview

Two-Way Time Synchronization } }
- e 8
1 > O
* Assumptions: = T =
 Link is reciprocal = quasi-static
during the synchronization epoch Lo, N, Ny

* Timing skew estimate:
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High Accuracy Delay Es

* The delay accuracy lower
bound (CRLB) for time is given
by
1 N,

2{2 E,

var(t — 7) >

» {#: mean-squared bandwidth

* N,: noise power spectral density
* E.: signal energy

. 5—2: post-processed SNR
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[3] J.A.Nanzerand M. D. Sharp, “On the Estimation of Angle Rate in Radar,” IEEE T Antenn Propag, vol. 65, no. 3, pp. 1339-1348, 2017, doi:

10.1109/tap.2016.2645785.
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High Accuracy Delay Estimation
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[3] J.A.Nanzerand M. D. Sharp, “On the Estimation of Angle Rate in Radar,” IEEE T Antenn Propag, vol. 65, no. 3, pp. 1339-1348, 2017, doi:
10.1109/tap.2016.2645785.
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Delay Estimation

 Discrete matched filter (MF) used

In initial time delay estimate S 05 -
=0
smelnl = sgxIn| ® stx[—n] 00 -
= F~ {SrxS1x) 0
+ High SNR typically required to \ AN
disambiguate correct peak > 05 {'— MF Out.
= =+ True Delay
— = Est. Delay
* Many other waveforms exist which ™ *—————4———
balance accuracy and ambiguity . TN b o
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Delay Estimation Refinement

* MF causes estimator bias due to time
discretization limited by sample rate

* Refinement of MF obtained using Quadratic
Least Squares (QLS) fitting to find true delay
based on three sample points

N Ts SMF[nmaX - 1] — SMF [Tlmax + 1] ——  MF Out.
T = QLS Interp.
2 smplMmax — 1] — 2sme[nmax] + smrlnmax + 1] —** {True Delay

----- MF Peak Est.
® Int. Points
where . .
12.02 12.04 p
Nmax = argmax{syr[n]} Delay (5)
n
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Time Estimation Process
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System Configuration
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System Configuration

Single Scatterer // “No Clutter” Multiple Scatterers // “With Clutter”

Clutter

C03-4 | Emerging Technologies for Radar & Communications 14



System State Flow

TWTT Transmit Estimate ‘I’bf,n

Initial PPS “beamforming” and @y, at
bfn

Sync SEETE pulses to
- Update Ay, oscilloscope target

Coarse alignment
~10 ns

Residual bias Compensate using
compensated to Aoy, estimate
picosecond level

Where
Tyrn 2 estimated beamforming time of arrival of pulse transmitted by node n

¢prn > estimated beamforming phase of pulse transmitted by node n
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System Performance Evaluation
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System and Inter-Pulse Arrival Time Differences (g
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* Maximum theoretical BPSK throughput; Pr(G, = 0.9) > 0.9
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Inter-Pulse Arrival Phase Differences
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* Maximum theoretical carrier frequency; Pr(G, = 0.9) > 0.9
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Conclusion

 Discussed our technique for high accuracy wireless time-frequency
synchronization for distributed antenna arrays

 Demonstrated time and frequency synchronization performance in multiple
wireless non-line-of-sight scenarios

System Error Beamforming Error
Seenario Time (ps)  Time (ps) ME;)(;E: 3 K Phase (°) Ma()c(;::rzch.’f
Single Scatterer 7.19 21.81 4.59 11.04 5.71
Multiple Scatterer 12.69 32.44 3.08 43.30 1.45

* Maximum theoretical BPSK throughput; Pr(G,. = 0.9) > 0.9
T Maximum theoretical carrier frequency; Pr(G, = 0.9) > 0.9
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System Configuration
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System Configuration
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System Time and Inter-Pulse Arrival Differences (g
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Wired frequency transfer (wireless time transfer): Fully wireless time-frequency transfer:
« System time accuracy: 5.93 ps « System time accuracy: 8.84 ps
« Cabled beamforming accuracy: 17.67 ps « Cabled beamforming accuracy: 23.17 ps
« Max. data rate: 5.6 Gb/s « Max. data rate: 4.3 Gb/s
« Cabled beamforming phase accuracy: 0.67° @ 3.5 GHz + Cabled beamforming phase accuracy: 10° @ 3.5 GHz
« Max. beamforming frequency: 125 GHz « Max. beamforming frequency: 8.4 GHz
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