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Position (BLR) and velocity (PDV) measurements
can coexist on the same optical probe.

REVIEW OF SCIENTIFIC INSTRUMENTS 86, 023112 (2015)

Simultaneous broadband laser ranging and photonic Doppler velocimetry
for dynamic compression experiments

B. M. La Lone,' B. R. Marshall,’ E. K. Miller,” G, D. Stevens,' W. D. Turley,’
and L. R. Veeser®
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BLR is a broadband interferometer followed by a
dispersive Fourier transform.
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A dispersive Fourier transform
allows us to record the signal
spectrum in real time.
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If the dispersive Fourier transform weren’t
distorted, the analysis would be simple.

Desired Data Analysis

FET The peak in the beat
f\ spectrum is proportional

> to the relative position.

beat spectrum

The peak is broadened,
FFT ; :
N making the distance
>  resolution very poor.
beat spectrum

Remapping time and
il A f\ interpolating the signal
. _ > (dechirping) compensates
adjusted time beat spectrum

t' =t + kt?

time

Actual Data Analysis

for the distortion.
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Dechirping corrects for the distorted Fourier
transform, so it works for all beat frequencies.

Frequency (GHz)
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Data courtesy of Patrick Younk
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The dechirping process makes the beat
frequency sensitive to temporal alighment.
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If a pulse is early or late with respect to the applied time map,
we get a different beat frequency than if it were centered.

We must consistently align pulses in time to avoid introducing
errors.
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An in-situ calibration interferometer solves
many problems.

The relative delay and beat frequency
generated should be constant.

Temporal alignment in the analysis is
correct when in-situ calibration beat
frequency is constant.

Beat Frequency of a Fixed Reflector
Original . _
21.97 QIR T T T e This delay can be precisely measured

and used to calibrate the scaling of
beat frequency to relative position.

Frequency
N
o
(o))

200 400 600 800 1000 1200 1400 1600
Pulse Number

Corrected

—

Frequency

200 400 600 800 1000 1200 1400 1600
Pulse Number

Lawrence Livermore National Laboratory N I 2_4% 8

LLNL-PRES-751418 /ational Nuclear Security Administration




Our analysis code prepares the raw signal for
dechirping and extracts calibrated frequency peaks.

/1. Separate Beat Signal frorn\
Envelope
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to Distance

/ 3. Dechirp Beat Signal \
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Beat Spectrum
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The distorted Fourier transform causes a quadratic
distance error in addition to beat frequency chirp.

Error between simulated and extracted positions

Quadratic beat frequency exaggerated for clarity
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to correct extracted positions.

My colleagues have taken to referring to this as the “Rhodes correction”.
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We compare BLR measurements with a slow,
commercial interferometer to test accuracy.

Interference between
the target and the in-

Spectra before time ma Spectra after time ma
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Scanned measurements proved difficult to analyze
because the temporal alignment is harder.

(a) in-Situ Calibration Frequency Deviation from Linear Beat Frequency vs Distance
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Changing the temporal alighment to keep the in-situ
calibration frequency constant is a large improvement.
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Data closely follows the expected quadratic curvature and no higher order
effects are visible. Alignment of temporal envelopes is also improved.
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Sequential pulses give very consistent positions.
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Summary

High-order fiber dispersion has a detrimental impact on dispersive
Fourier transforms in BLR.

Distortions in the dispersive Fourier transform can be corrected in
analysis, but this must be done carefully.

= A consistent in-situ calibration signal is very helpful for analyzing data.

When these effects are taken into account, measured positions are
very accurate (~¥10* of the range).
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Quantifying Beat Frequency vs Distance

The transit time of light through fiber is written using a Taylor
expansion.

1
t(w — wg) = f1L(wg) + f2L(w — wp) + 5,3314(60 — wg)?

These coefficients are related to the index of refraction.

To write the optical frequency as a function of time, we invert this

equation by solving for w.
(t) PSP L
w(t) =wy+——1t—
"Bl 2(BoL)?
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. - ",l
@ Lawrence Livermore National Laboratory N Sﬁ"g& 17
LLNL-PRES-751418 National Nuclear Security Administration



Quantifying Beat Frequency vs Distance

= Taking the delay of the reference pulse to be zero, we can write the optical
frequency of a pulse arriving at delay 7 relative to the reference as:

(t+7) = w0y + —— (£ +7) — =2
IR VA TAE

= The beat frequency is the difference between the optical frequencies of
the target and reference.

Q) = w(t+17) — w(t)
T B3Lt?  Biltt

(i’zL -~ 2(B,L)3  (B,L)3

This is the beat frequency
—_ _ 2
_ ,BZL (T kt? + ZktT) chirp caused by the imperfect

Fourier transform. We
estimate this term to correct
for the distortion.

(t + 1)

Qt) =
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