Imagerie holographique rétinienne
hyperspectrale en temps réel sur GPU
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Why holography 2

Because of Its
sensitivity




The weak object wave beats against the reference wave.
Signal modulation depth is enhanced by coherent detection
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Purpose : assess weak signals
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Temporal modulation
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Magnain et al. "Holographic laser Doppler imaging of
microvascular blood flow." JOSA A 31.12 (2014): 2723-2735.



1Hz — 25 kHz
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Acquisition time : 2.7 s per image. Frame rate : 12 Hz



1Hz — 100 kHz
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Acquisition time : 2.7 s per image. Frame rate : 12 Hz
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Normalized Doppler spectra (a.u.)
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Local RMS flow velocity scales as local Doppler broadening
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Readout rate:

~15 000 000 Readout rate:
pixels/s ~12 000 000 000
(1 Megapixel @ 15 Hz) pixels/s

(1 Megapixel @ 12 kHz)



Gerehral blood flow. High speed Doppler spectra

24 kHz

FFT window : 160 ms. Frame rate : 50 kHz.



White-light microscopy holography

Puyo et al. “Pulsatile microvascular blood flow imaging by short-time Fourier transform analysis of
ultrafast laser holographic interferometry”, arXiv. 2015.

FFT window : 20 ms. Frame rate : 90 kHz.



Increasing temporal resolution (again)

I

Readout rate: Readout rate:
~12 000 000 000 ~25 000 000 000
pixels/s pixels/s

(1 Megapixel @ 12 kHz) (1 Megapixel @ 25 kHz)



optical signal (a.u.)

optical signal (a.u.)
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Frame rate : 39 kHz. FFT window : 25 ms.
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Pellizzari et al. “High speed optical holography of retinal blood flow”, arXiv. 2016.

Frame rate : 39 kHz. FFT window : 6.5 ms.



quadratic mean flow.
Not quantitative yet

M2 versus time
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Frame rate : 39 kHz. Temporal resolution : 6,5 ms



Holovibes

Hologram rendering made easy

& Download for Windows 7/10 64-bit v Learn More

www.holovibes.com

1024x1024x128 voxels @ 20Hz ~ 2.5 billion voxel/s
1024x1024x256 voxels @ 10Hz ~ 2.5 billion voxel/s
512x512x512 voxels @ 20Hz ~ 2.5 billion voxel/s



Real-time ultrahigh-speed hologram rendering + short-time Fourier transforms

File View Camera Help Theme

Image rendering View Info
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Adimec Quartz-2A750 M
Img. Avg. InputQueue:
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Ref | Take Siiding Phase unwrap: OutputQueue:
50/50 (100 MB)
2DFilter Rendering FPS:
v STFT cuts Ext. trig 500 fps
STFT Slice Cursor:
(¥,X) = (668,378)

s STFTQuew
#img: : Log FFT shift 128/128 (1024 MB)

Steps 25
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A (nm): 532.0000
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Spoon drop: ~1 ml @



Niagara falls : ~2,500 m”3/s

= 2.5 billion & /s



Quantitative narrowband and wideband laser Doppler imaging of
the retina by holographic interferometry

No exogenous contrast agent

- High throughput sampling @ 25 billion pixels/s

- Low-light sensitivity : exposure to CW NIR (785 nm)
radiation ~1.6 mW over 3 mm x 3 mm

- Wide-field imaging ~ 10° pixels (x Y4, off-axis config.)

- Temporal resolution of the Doppler maps ~ 6.5 ms

- Quantitative imaging of optical phase and fluctuation spectra



