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Biomedica! optica! disgnostics imaging through biclogical tissus
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imaging through scattering media using
whole-fleld spatial ﬁ&t&ring
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Suitable for weak scattering - applied to X-ray imaging

Imaging through scatiering media using Fourler filtering
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Wide-field spatial filter - used in microscopy




Spatial filtering: confocal Imaging in iransmission
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CT scan
No depth discrimination in transmission
Use computer tomography techniques for 3-D imaging
Scatterad Hght st a probiem for thick { >~300 pm) samples

Spatial flering: confocal imaging in reflection

SN

Transverse soan
pixet by pixel

Sratitstis ghe
et i Hive snatternd gty

Depth-resolved (3-D) imaging obtained in reflection mode
Scattered Hght s8ll a problem for thick { =300 um) samples

Time-resolved propagation through scattering media
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Cohersnce-gated imaging

For monochromatic light:
l Light source l
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Scanning reference arm: A =7, 7,
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Opticat Coherence Tomography (OCT)

Corfocal cohsrence-gated imaging:

For low coherence light of bandwidth Ax:
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Coherence gated confocal micrescopy:
Optical Coherence Tomography (OCT)

Heforpuse st

Envelope detection of OCT signal = depth information

Confocal coherence gated imaging:
Optical Coherence Tomography {OCT)
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QLT & Optical Cohsrence Microscopy {OCM)

QCT sa<w

For rapid axial scanning,
use low NA objectives with
long confocal parameter
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GCM
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For high resolution,
use high NA objeclives
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convolution of sohenence-gated
PSF and confocat PSP From Opt. Lent. 24 (1999} 1358

QUT: endosgopic application

‘Transverse radlal scanning
endoscopie GCT probe

Individual captured EQOCT
frame in the normal
human esophagus

Typically: 4 frames/second, 2.5 mm scan depth

From . Inatt et al. Opt. Len. 24 (1999) 1358'
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CCT: Doppler imaging

Interferometric OCT signal:

Lxsartor

where .7,
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Doppler QCT: imaging blood How
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From ..Tzatt el al. Opt. Lett. 22 (1997) 1439

QCT: Epeclroscoplic imaging

Interferometric OCT signal

ta

Interferometric OCT signal encodes spectral
information

= extract using Fourier or wavelet transform

From .. Fujimoto et al. Opr. Lett. 25 (2000) 111

Optical Coherence Tomography (OCT)
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Combings corfocs! acanring with bw
cohersncs interferomsing

Bt

- requiremest for spalially coherent sourmes keens price high iF high power end
nroad bandwidth are needsd (8.g. mode-locked (asers, fire ASE sowres.)

- seguential pixed scancing s frame rate ~ and high bame rales reguive Righer
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Wide-fleld soherence-gated imaging using optical
heterodyne detection: optical coherence microsc

Coherent hetarnayng detectiun provides
optical sectioning with high speed paralls!
pluel acquisition

Fabre et al., OL 27 (2002} 530

Het

~ GG detector affers
reduced dynaric range
compared fo OCT {more
sestterad light is deferted
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me easify}

Broadband
radiaion source

- interpizef cross-aik is an issue
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exiract cahersnl image {over -

which sample mast be stalde}

Wide-fleld coherence-gated imaging using digital
{slectronic) holograph

Spatial modulation requires only single image

acquisition to extract coherent image with high

speed parallel pixel acquisition

B

- COD detector offers
regluced dinamic range
corparad i OOT (more Reterence
scaftsredt Bght is defecied

and detector saferah
Broadband
radiation source
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- itarpised cross-tafk is an issue
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interpinst cross-talk
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Low coherence
time-of-flight gate

Wide-field coherence-gated imaging using broadband
| sources of iow spatial coherence

BumreRs wi

iow spatial suhsrence:

Using spatially incoherent Broadband
broadkand sources, interpixel
cross-talk averagestoa d.c.
background

Wide-field coherence-gated imaging using broadband
£ by il coh

Sources with low apatial coherenca:

Using spatially incoherent Broadband
broadband sources, interpixe!
cross-talk averages toa d.c.
background
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Wide-field cohsrence-gated imaging using broadband
sources with ph fractive hol

Can ugs broadband sources of low spatial
coharancs
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Imaging through scatlering media using holography
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Recording hologram

Imaging through scattering madia using holography
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Coherence-gated imaging through scattering media
using photorefractive holography

Scattering celt
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LS Test chart

Object beam

Direct image through 8 MEP
Reference
beam M Photorefractive
L, medium
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GV holographic reconstruction

" cop camera

Photorefractive holography
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Cohesrence-gated 3D imaging using photorefrantive
GahslAlGaAs MOW dovicoes
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3L imaging through scattering media using
hotorefractive holography with ultrafast Easeﬁt;g

Depth-resolved
Images

3D tast oljeot

el (100 pm steps}

> open

imaging through liguid and solid scattering media using PMOW
devices with a spatiaily coherent ThSapphive laser
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bnaging trough static scattering media uging using PMIQW
devices with fs Thaapphire laser and LED

Image oktained using Iz e obmined
400 fs puiges wadnry LED (&% ~ 50

Imaging through 7 MFP
of sofid phantom

spatiatly coherent

Imaging through 4 MFP
of chicken

spatially incoherent

Broadband optical svurces for low coherence
photorefractive holography

A
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Fdeally want; low temporal/spatial coherence and high brightness

Low-cost video rate depth-resolved holography with
photarefractive MOW devices

,@9 8 bit video
7

CCD (~ £500)
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Diode-pumped broadband c.w, CrLISAF laser

4 T TN RS

Towatrds & low-cost, high power brogdl sratintiy cof HouUree;
output J

Pumped by & single 500 m, coupler =T

100 pin stripe, 670 nm diode

Spatially disperse light across the gain
region of a diode-pumped c.w. laser to
obtain broad spectrum.

folding Mirror

Opt. Com. 181 (2000) 361

Resl-time depth-resolved imaging of moving watch cog
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» rpcorded at 28 fames per second

« frame rade mited by the (-0l Puinbd) ddeo camera used
« 1.8 W input opticed power

= 180 VW optical power at PMQW

» rpadfrey Suliosl seotioning &f vides refe

Migh spesd depth-rescived imaging: 476 framen/s
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Blade velocity ~ 1.1 mis

Jmag@ soguisition rate iz currently software-limited




High speed wide-fleld cohsrence-gated imaging using oplical
heterodyne detaction: Single-shot OOM

Reference OCH: phaso-stepping holograghy

isually scquire g sevlss of
{iymicadly 41 inages segusniialy,
serespending fo difesers
POsHianS Of e reference arm.

LED Single-shot GOM

Acjuirg 4 phase-stepped
images simuliansously

Four channed polarization phase stepper

Reference Smythe and Moore, Opt. Eng, 23, 1984,
b phase ring interferometry”

Potarization phase stepper
. NPBS /4@ 0°

fokmn )14 @ 45°

Michelson interferometer ) g% Periscope

ceb H o
Opt. Express, In press

Bodified phase-stepping algorithm

Standard 4 phase slgorithm

S:J(Ismz ‘Iﬂ/z)z +(I¢r_lo)z

Modified 4 phase algorithm
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LED adal sectioning

VR

Sheypps = 44 nm

18

o5l AZgpppy = 6.2 pm
3 os}
@
o4} . curve calculated from
B measured LED spectrum
=4
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Axial distance (erm)

Results: moving watch cog

Conventional P
image z = 055 mm
z = Q.87 mm 7= 2 54 m

Hardwars 2+2 binning, 16.5 frames per second,
Exposure tme = 1 ms, FOV = 1 8x1.7 mm,
Opticat power = 0.4 mW

Results: sample of onion

x-z slice

FOV = 270x210 um

2.2 software binning,
3 frames per second,
Exposure Hme = 3.8 ms,

FOV = 270x250 pm

Ciptical bower = 1.5 my,
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