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Outline

1. Working principle

2. Theoretical velocity profile
A. 1550-nm Frequency-Shifted PDV
B. 1550-nm Triature
C. 532-nm Triature

3. 3vsignal processing with few real data

@ Yohan Barbarin - CEA Gramat - Triple frequency PDV May 2026



Triple frequency “3v” principle

— Use of the 3 Triature PDV outputs to create a new g . @ g "
signal, which is tripled in frequency by = Covpler | —

trigonometry | P ;”'
. . . 2\ 2m =4 e °
sin(3-60) =4-sin(f) - sin H+? - sin 9—+? D>
K t [ d@®
Isv(t) =K-:sin|3:2m- fD(t) -dt + A(p Il(t) = ArefAsonde(t) sin |47 - T 4 AQD
0 i
. . [, d@®) 2m |
» Spectrogram signal processing (1) = ArerAsonge(t) sin |4 - ——+ Ap + —=
> Greater velocity resolution (3x) j j
> Greater time resolution (3x) I5(6) = AvesAsone (€) sin |47 - a@) | A — 21
> More than one velocity profile possible* A 3|
> No derivative step (i.e. triature signal processing)
> No modification of the PDV system \ _ 1550 516.7 nm
. ) . . eff.@1550 :
> No increase in bandwidth (photoreceiver and 3
digitizer**) 532 _

Aefr.@532 = 3 =

* warning: possible harmonics
** warning: the sampling rate should be tripled
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Basic exemple on virtual noisy signals
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Theoretical velocity profile
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1550 nm FS-PDV (Reference)

— — First peak Oscillations
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1550 nm Triature signals
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1550 nm Triature Phase Analysis

First peak Oscillations
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~1 m/s higher than FS-PDV
« Closer to the sharp transitions

« Oscillations too noisy
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3v 1550 nm Triature A

First peak Oscillations
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No significant improvement compared to the 1550-nm FS-PDV
It could be better for higher velocities (>1000 m/s)
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Voltage (mV)

Aeff.@532 =177.3 nm

3v signal
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The noise level has increased but the fringes
are clearly visible

Note: 1550 [ 177.3 = 8.74 => effective WL 8.7
times smaller than @ 1550 nm
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532 nm Triature Phase Analysis
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Same standard deviation than the
1550 nm FS-PDV
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» Very close to the sharp transitions
« Oscillations noisy but could be improved by
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3V 532 nm Triature

First peak Oscillations
3v Spectrogram 260 260
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~1.9 m/s higher than FS-PDV

« Smooth and close to the peak and oscillations
« Rather close to the steps except at low velocities

@ Yohan Barbarin - CEA Gramat - Triple frequency PDV May 2026 12



260

250+

240

Velocity (m/s)

230

Zooms on the peaks and oscillations

First peak

—— Ref
—— FS-PDV1550
Triaturel550
—— 3f1550

Triature532
— 3f532

68

The Triature
phase analysis
are noisy but
closer to the peak

70 72 74

Time (ns)

3v 532 nm is the
closest by STFT

@ Yohan Barbarin - CEA Gramat - Triple frequency PDV

260.0

Oscillations

257.54

255.01

N
u
N
U

(m/s)

250.0 1

ity

Veloc
N
S
~
w

245.0 1

242.54

240.0

— Ref

—— FS-PDV1550
—— 3f1550
— 3532

,'!'I'.l\ ‘
i

!

150 160 170 180 190 200
Time (ns)
3vb32 nmis the
closest by STFT
May 2026 13



Zooms on the steps
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The phase 3v 532 nm is a bit The phase For this low velocities
analysis are noisy, closer by STFT analysis are noisy, (<70 m/s), by STFT,
but closer to the but closer to the the FS-PDV is the
edges edges closest
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Differences

By systems, velocity profile zones and signhal processing
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A4 whatabout 3 applied to

realdata?
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Plate-impact experiment @ 750 m/s
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Plate-impact experiment @ 750 m/s
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Smoother than the triature phase analysis
Sharper than the 1550 nm FS-PDV
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Laser-driven shock experiment

Aeff.@532 =177.3 nm
532-nm triature signals 3v signal
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Choclaser @ 532nm

400
3v Spectrogram — FS 1550
; —— STFT 532
‘ 3501 — Tiature 532
300 - 4 — 3f532
300
250 —
g v 250
© £
£ 200 =
e %‘200-
= S
2 120 < 150-
g >
100 100
50 1 501
0.040 0.45 0.50 0.055 0.060 0.065\ 0.070 0.075 036 6'0 7'0 80
Time (us) Time (ns)
« Smoother than the triature phase analysis
Harmonic lv « Sharper than the 1550 nm FS-PDV

@ Yohan Barbarin - CEA Gramat - Triple frequency PDV May 2026 20



Conclusion

« On average, 1550 nm FS-PDV and 532 nm 3v PDV dre very close

« The peak and small oscillations are better measured by the 532 nm 3v PDV

« 3vspectrogram gives a less noisy velocity profile than triature signal processing

- Velocity steps are better measured with a triature signal processing (1550 nm or 532 nm)

« The 532 nm Triature PDV with phase analysis or 3v spectrogram seems to be the most
versatile system for this type of velocity profile (according to our simulations)

« The pretreatment to get the 3 signals well centered around zero and normalized is
crucial to avoid/limit harmonics in the spectrogram

- Warning : the sampling rate should be chosen according to the virtual wavelength but
not the bandwidth.

Outlook:
« Improve the pretreatment automatically

« Explore the limits with more than one velocity and with ejecta particles
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