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Tissue Optical Imaging — Principles and Biomedical Applications
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Diffuse Light Imagin

Coherent Light Imaging
» Depth: 1-3 mm
» Spatial Resolution : 1-15 um

Ballistic, “snake” and diffuse scattered light

Collimated light

A=

Incident signal

“Snake” light
Balistic light
Diffuse light
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Established Medical Functional
Imaging Modalities

» fMRI: high spatial-resolution but low
temporal-resolution, only total
hemoglobin (THb), and unmovable.

» PET: high-sensitivity, radiation emitter,
bulky, and expensive.

» EEG/MEG: high temporal-resolution,
low spatial-resolution, and Low
electromagnetic resistance

Optical Imaging (NIRS)

Completely non-invasive;

Higher temporal-resolution with
reasonable spatial-resolution;

Direct measurement of oxy- and
deoxy-hemoglobin concentrations;

Portable & wearable.
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Phys. Med. Biol. 2003; Rep. Prog. Phys. 2010; J. Biomed. Opt., 2016; Appl. Sci. 2019; Nature Photonics 2019
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Time-correlated Single Photon
Counting (TCSPC)

Streak Camera (SC)

CCD . Synchro-scan Bundle
Camera Streak Camera

l _J_ = Phantom
Photodiode
& Sync.
- A~ Unit
o, '
Vil § E T Rotation
\ e ¥, . Solid Pump Ti:Sapphire |~ |7 4 Stages
' e er Beam Splitter Lens

High Temporal Resolution; Low Dynamic Range and SNR; Low Spatial Sampling; High Cost

Time-gated ICCD

Light Path

T Image
--------- Intensifier
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Light Path
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Delay Unit
Pulsed Laser ™| &Controlles

Trigger Path

Reasonable Temporal Resolution; High Data Throughput; High Cost; Limited Dynamic
Range and SNR

Reasonable Temporal Resolution; High Dynamic Range and SNR;
Limited Spatial Sampling; Relatively moderate cost
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o ITZTHMALANIESF
(Functional Near-Infrared Spectroscopy, fNIRS)

o HEIRIRIR

(Optical Topography/Mapping, OT/M)
o i BUOLFEEN

(Diffuse Optical Tomography, DOT)

o R FER/H BURIEEH*
(Fluorescence Molecular Tomography, FMT/DFT)

*Computational Imaging Regime
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Z1. B Py 12 B (Breast Tumor Diagnosis)
Differentiating between healthy and diseased tissues by measuring

difference in optical properties of tissue

X Th8ER M (Brain Function Analysis)
Separating changes in oxy- and deoxy-hemoglobin concentrations
during physical and psychological excises

4 LIRS 3P (Monitoring of Neonatal Brain)
Monitoring hemoglobin concentration and oxygenation to prevent
perinatal hypoxic-ischemic brain injury

EAE D FE218 (In-vivo Molecule Imaging)
Volumetrically imaging molecular functions and events through

fluorescent molecule-specific probe.




YeEFaFN 1R (Optical Mapping)

Measuring hemodynamics in a shallow (cerebral/muscel) areas under a source-detector array based on
the Modified Lambert-Beer Law (MLBL)
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i &A= EH(DOT)

Probing hemodynamic status in a deep tissue by a discrete source-detector deployment on the boundary,
assuming that an unique distribution of optical properties corresponds to the measurement set.
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Rev. Sic. Instrum. 1999; Rev. Sic. Instrum. 2000; Biomed Opt. Express 2013; Nature Photonics 2019.
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1. Random walk theory 1. Radiative transfer equation (RTE)
2. Monte-Carlo method 2. Photon diffusion equation (P1)
(accelerated by GPU) e Finite-difference method (FDM)
o Voxel-based e Finite-element method (FEM)

e Mesh-based e Boundary-element method (BEM)
3. High-order Spherical Harmonics (Py)
4. Simplified Spherical Harmonics (SPy)

Opt. Lett. 2013; Opt. Express 2015; J. Biomed. Opt. 2016; Opt. Express 2017; Opt. Lett. 2018.
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> ERARIAARMGTT(MLE)
= argmax p(M | p)
L 2 ¢‘Fﬁ-*ﬁ9§@5l§é§ﬁ*§ﬁ M - F(Hk ) = J(llk )(llk+1 — Ny )
& EEELMMAEKX  p=argmin|M-F(u)

> -SRI RESER T I HTRXERMETT (MAP with Guassian-Markov Image
Model)

p=argmax p(p|M)=argmax[p(M |p)p(p)]
& LIETHE

> BTFEREZEIMITHE{® (Deep-learning based computational imaging)
p=NNM)

& PBi6;% (End-to-End)
& ¥ RF5% (Physics-informed)

Appl. Opt. 2001, 2002, 2003, 2008, 2010; Phys. Med. Biol. 2004; J. Biomed Opt. 2007, 2012, 2016, Opt. Express 2006, 2008, 2017.



Red-shifted and NIR
Molecule-specific
fluorescent probe
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Nature Med. 2002; Opt. Lett. 2013; Appl. Opt. 2010, 2012.
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Phys. Med. Biol. 2005; J. Biomed. Opt. 2009; Appl. Opt. 2007; J. Biomed. Opt. 2012; Euro. J. Radiol. 2009.

7
A% 3
Qe 2P




RIE-FEF FL BRI = AR

DL RS R B S F R
ERRMESS

® FDOTESALIMEDOTHIHT 5%

o RRBHIBEABUMETSHERE
BEXREAMER

Source Fibers (62.5um/0.22)
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Biomed. Opt. Express 2013; Appl. Opt. 2012; Biomed. Opt. Express 2015.
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