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Tue Topic Fri Topic 

1/16 Introduction 1/19 MatLab I (Basics) 

1/23 System 1/26 Convolution 

1/30 Fourier Series 2/02 Fourier Transform 

2/06 Signal Processing 2/09 Discrete FT & FFT 

2/13 MatLab II (Homework) 2/16 Network 

2/20 No Class 2/23 Exam I 

2/27 Quality & Performance 3/02 X-ray & Radiography 

3/06 CT Reconstruction 3/09 CT Scanner 

3/20 MatLab III (CT) 3/23 Nuclear Physics 

3/27 PET & SPECT 3/30 MRI I 

4/03 Exam II 4/06 MRI II 

4/10 MRI III 4/13 Ultrasound I 

4/17  Ultrasound II 4/20 Optical Imaging 

4/24  Machine Learning 4/27 Exam III 

BB Schedule for S18 

Office Hour: Ge Tue & Fri 3-4 @ CBIS 3209 | wangg6@rpi.edu 

Kathleen Mon 4-5 & Thurs 4-5 @ JEC 7045 | chens18@rpi.edu 



Optical Imaging 

• Optical Microscopy 

 EM Wave 

 Optical-tissue Interaction 

 Microscopy 

• Optical Coherence Tomography 

 Principle 

 Applications 

• Diffuse Optical Imaging 

 DOS, DOT, FMT, BLT 

• X-ray Optical Coupling 

 XLCT, XMLT 



EM Wave / Light Spectrum 



Light-tissue Interactions 



Scattering in Tissue 

Cell Structure 

10-30m 

(1m=10-6m) 







Thin Lens 



Rules for Ray Tracing 

http://measurebiology.org/wiki/Geometrical_optics_and_ray_tracing  

http://measurebiology.org/wiki/Geometrical_optics_and_ray_tracing
http://measurebiology.org/wiki/Geometrical_optics_and_ray_tracing




Zoom Lens 

http://en.wikipedia.org/wiki/Image:Nikkor_28-200_zoom.jpg


Confocal Optical Microscope 



Cell Division 

https://www.olympus-lifescience.com/en/microscope-

resource/moviegallery/confocal/rk13cherryh2b/  

https://www.olympus-lifescience.com/en/microscope-resource/moviegallery/confocal/rk13cherryh2b/
https://www.olympus-lifescience.com/en/microscope-resource/moviegallery/confocal/rk13cherryh2b/
https://www.olympus-lifescience.com/en/microscope-resource/moviegallery/confocal/rk13cherryh2b/
https://www.olympus-lifescience.com/en/microscope-resource/moviegallery/confocal/rk13cherryh2b/
https://www.olympus-lifescience.com/en/microscope-resource/moviegallery/confocal/rk13cherryh2b/
https://www.olympus-lifescience.com/en/microscope-resource/moviegallery/confocal/rk13cherryh2b/


Optical Fiber 



Optical Biopsy 





Optical Imaging 

• Optical Microscopy 

 EM Wave 

 Optical-tissue Interaction 

 Microscopy 

• Optical Coherence Tomography 

 Principle 

 Applications 

• Diffuse Optical Imaging 

 DOS, DOT, FMT, BLT 

• X-ray Optical Coupling 

 XLCT, XMLT 



Change in Phase to Change in Amp 



Interference of Coherent Light 



Case of Partially Coherent Light 



Limiting Case 



Michelson Interferometer 



OCT Principle 

http://www.jaypeejournals.com/eJournal

s/ShowText.aspx?ID=653&Type=FREE

&TYP=TOP&IN=&IID=62&isPDF=NO  

http://www.jaypeejournals.com/eJournals/ShowText.aspx?ID=653&Type=FREE&TYP=TOP&IN=&IID=62&isPDF=NO
http://www.jaypeejournals.com/eJournals/ShowText.aspx?ID=653&Type=FREE&TYP=TOP&IN=&IID=62&isPDF=NO
http://www.jaypeejournals.com/eJournals/ShowText.aspx?ID=653&Type=FREE&TYP=TOP&IN=&IID=62&isPDF=NO
http://www.jaypeejournals.com/eJournals/ShowText.aspx?ID=653&Type=FREE&TYP=TOP&IN=&IID=62&isPDF=NO


Eye Exam with OCT 

250µm 



Cardiac Study with OCT 



Optical Imaging 

• Optical Microscopy 

 EM Wave 

 Optical-tissue Interaction 

 Microscopy 

• Optical Coherence Tomography 

 Principle 

 Applications 

• Diffuse Optical Imaging 

 DOS, DOT, FMT, BLT 

• X-ray Optical Coupling 

 XLCT, XMLT 



Light Diffusion 



Monte-Carlo Simulation 

An object is put as a finite element mesh with 

heterogeneous properties. Photons are traced 

according to light-tissue interactions. 



Simulated Mouse 

Shen HO, Wang G: A tetrahedron-based inhomogeneous Monte Carlo 

optical simulator. Phys. Med. Biol. 55:947, 2010 



Mean Free Path (MFP) & 

Transport Mean Free Path (TMFP) 

http://www.nature.com/nmeth/journal/v7/n8/pdf/nmeth.1483.pdf 

http://www.nature.com/nmeth/journal/v7/n8/pdf/nmeth.1483.pdf
http://www.nature.com/nmeth/journal/v7/n8/pdf/nmeth.1483.pdf


32 

Hemoglobin Concentration 

 

Oxygen Saturation 
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Diffuse Optical Spectroscopy (DOS) 

I() = I0()exp(-aL) 

L 



CT DOT 

X. Intes, V. Ntziachristos, J. Culver, et al., Phys. Med. Biol., 47:N1 (1998)  

Diffuse Optical Tomography (DOT) 



DOT of Breast Cancer 

Dr. Brian Pogue, Dartmouth College 



Temporal Gating 



Fluorescence Molecular 

Tomography 



Fluorescence Molecular Tomography 

Genetic expression 

 Green fluorescent protein from  

 photogenic cells of  jellyfish 

  

Endogenous-Exogenous fluorophore 

 Not naturally occurring/expressed in cells 

Fluorescent protein 
Aequora victoria 



FMT Reconstruction 

© 2009 VisEn Medical Inc. 



The goal is to develop a multi-probe multi-modal optical molecular 

tomography system for visualization of bioengineered blood vessels in 

bioreactors and after implantation into living animals. 

Multi-PIs: Ge Wang & Shay Soker, NIH R01/BRP HL098912, 02/10-11/14 

Optical Molecular Tomography for 

Regenerative Medicine (with Wake) 



Bioluminescence Tomography 



X-ray Optical Fusion 



Ex Vivo Study 



Tighter Integration at RPI 



Optical Imaging 

• Optical Microscopy 

 EM Wave 

 Optical-tissue Interaction 

 Microscopy 

• Optical Coherence Tomography 

 Principle 

 Applications 

• Diffuse Optical Imaging 

 DOS, DOT, FMT, BLT 

• X-ray Optical Coupling 

 XLCT, XMLT 



Coupling via Stimulated Emission 



X-ray Luminescence CT 



X-ray Micro-modulated 

Luminescence Tomography 



X-ray Micro-modulated Luminescence Tomography (XMLT) uses focused x-ray 

for nanophosphor excitation deeply into the neocortex and other tissue types. 

The nanophosphors may be functionalized to have specificity similar to µPET, 

resolution superior to µMRI, contrast comparable with optical imaging, and 

performance beyond typical µCT. 

Micro-Focus  

X-Ray Beam 

Integrating 

Sphere 

PMT Detector 

XMLT in Collaboration with GE 



Optogenetics 

http://www.nature.com/nmeth/journal/v8/n1/full/nmeth.f.323.html  

http://www.nature.com/nmeth/journal/v8/n1/full/nmeth.f.323.html
http://www.nature.com/nmeth/journal/v8/n1/full/nmeth.f.323.html


X-optogenetics 



Homework 

1. Review this lecture to summary key ideas/points. 

2. Transcribe the 1st part, 2nd part, or the last two parts of 

this lecture. 

3. If we make a smart phone send and receive light anyway 

you want, what medical imaging applications could you 

imagine? 


