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3D Imaging

3D Imaging is inspiring   

research with results in 

interesting places:  

A YouTube video entitled:
ñHead Tracking for Desktop VR 

Displays using the Wii Remoteò, 

by Dr. Lee at Carnegie Mellon

http://www.youtube.com/watch?

v=Jd3-eiid-Uw

3DTV European-funded:

http://www.3dtv-

research.org/index.php

3D Consortium:  Japan, Korea

http://www.3dc.gr.jp/english/inde

x.html

Graphic artist: Erdem Yücel

Philips - Artist Rendering

http://www.youtube.com/watch?v=Jd3-eiid-Uw
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3D Imaging

Research on every continent:
Universities (NYU, Carnegie-Mellon, Tampere, RIT)

Large Companies (Philips, Mitsubishi, TI, Samsung, Sanyo)

Entrepreneural Companies (Newsight, TrueVision, SeeReal, 

VizBox)

Military, Government (Air Force, Army, Space Agencies)

Medical (GE Medical Systems, Aachen Hospital, Brigham and 

Womenôs Hospital, Stanford Radiology)

Standards Bodies (MPEG, H.264, JPEG)
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Why VLSI in 3D Imaging?

¸ In industry, VLSI is the key to the timing of new features 

and product introductions

¸ My background with one foot in VLSI, one foot in Signal 

Processing and Systems, was very valuable to my career

¸ Why is the time ripe now for VLSI in 3D Imaging 

applications?

¸ 3D imaging industry is near the ñtipping pointò for growth

¸ New VLSI for 3D imaging is just emerging

¸ The need for VLSI is there (to make real-time possible)

¸ There are a broad range of opportunities to design new 

VLSI
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3D ïFertile Fields of Study

¸ Image Capture Devices (Light to Electrons)

¸ Image Processing (Algorithmic VLSI)

¸ Image Display Devices (Processing, Interfacing, 

Electrons to Light)

Each has its own challenges and opportunities, and as the 

technologies are developed, the VLSI applications will 

be uncovered.   In most areas, the computation time is 

a barrier when executing on standard computing 

platforms.
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3D Image Capture

¸ 2D plus Depth Imagers: 
¸ CMOS depth sensing using phase

(Photonic Charge Pump) Nicola Massari in SPIE online 2006

¸ IR, Radar, Sonar Illumination & Detection

¸ Multiple Camera Data Fusion

¸ Integral Photography
¸ Imagers with Microlens Arrays                                         

Manuel Martinez-Corral, in SPIE online 2006

¸Medical Radiology: 
¸ 3D CMUTs (Capacitive Micromachined Ultrasonic 

Transducers) T. Khuri Yakub in SPIE online 2006

¸ CT and MRI are 3D media
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3D Image Display

¸ Autostereoscopic

¸ Integral Photography

¸ Lenticular Lens (multiple views)
Philips Display

¸ Single user (head tracking)

¸ Holographic

¸ Plasma in air
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3D Image Processing

¸Compression, DCT

¸Registration

¸Compositing

¸3D from 2D (using shadow, light, multiple 

cameras, 2D plus depth, etc.)

¸Segmentation  - example follows:

3D JPEG2000 DCT blocks
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Example:  3D Ultrasound Segmentation

¸Key algorithms and architectures are 
required as technology evolves

¸Presenting here the contributions from 
my PhD dissertation

¸Making the Link from Algorithm to VLSI:

¸Some thoughts on VLSI for 3D Image 
Segmentation follow the algorithm 
discussion
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Introduction to 3D Segmentation

¸ Segmentation is an ill-posed problem
¸ For medical ultrasound imaging, most segmentation is 

done by hand

¸ In 3D good segmentation can allow rendering of 
an organ to improve diagnosis
¸ clinicians look at 2D slices and 3D volumes

¸ 3D imaging could also assist surgeons

¸ This algorithm will focus on 3D segmentation of 
ultrasound medical images
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Ultrasound Breast Images

¸ Carcinoma 

(4x4x4mm)(CaseA)

¸ Carcinoma (CaseB)
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Ultrasound Breast Images

with Hand Segmentation

¸ Carcinoma 

(4x4x4mm)(CaseA)

¸ Carcinoma (CaseB)
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Segmented Images  
Standard Bayesian Techniques

2D EM/MAP-ICM (CaseB)
¸ 2D EM/MAP-ICM, (CaseA)
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Segmented Images 
Research Result

3D EM/MPM (CaseB)
¸ 3D EM/MPM (CaseA)
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Segmented Images 
Research Results Overlay

3D EM/MPM (CaseB)
¸ 3D EM/MPM (CaseA)
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Algorithm Discussion ïDeep Dive

¸Bayesian Segmentation

¸MPM optimization approach vs. standard 

approach

¸Comparison using test images
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Statistical Segmentation (Bayes)

¸Problem:  Estimate X given Y

¸Maximum A Posteriori (MAP) 

estimation: (Bayesian) 
P(X|Y)= (P(Y|X) * P(X)) / P(Y)

¸Prior Distribution:

¸Posterior Distribution: 

¸

f(Y|X)
X
ñhiddenò

true data

Y
observed

data

Probability 

Model
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Forward
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Assumptions

¸Forward Probability ï

¸Gaussian Distribution

¸ Independent, Identically Distributed

¸Prior Probability ï

¸Markov Random Field

¸Gibbs Distribution
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Markov Random Fields

and Markov Chains

¸Concept 1: Pixel Neighborhood
=Pixel Under Consideration

=Neighborhood Pixels

C = Clique, if symmetric system

Markov property

¸Concept 2: Markov Chain & 
Optimization
Certain Markov Chains are Ergodic

Important for proof of Convergence

Gibbs Distributions, Simulated Annealing

sX

rX
sX

rX

2D Clique

sX

rX

3D Clique
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MRF Model

¸ PMF of Prior on Class Labels: (Gibbs Distribution): 

¸ Clique defines Spatial Interaction, Markov Property

¸Markov Random Field -> Convergence of 

Optimization
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MRF Model

¸ The Posterior Distribution (using Bayes
Theorem):

¸ Is a Likelihood function

¸ And a Gibbs Distribution


