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3D Cardiac Volume Rendering
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3D Mice Volume Rendering 3D Maximum Intensity Projection

Mice PET+CT and Image Fusion 3D Registered Image
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red and overlaid neuronal patterns of multiple fruit fly central complexes (top) and
ia (bottom). Hanchuan Peng, 2008.




Bioinfomatics: MicroArray Imag
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Enlarge one block and spike spots index

Feature Calculation for MicroArray
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3D Image Segmentation
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Evaluation Accuracy of Segmentation
Methods for Spike Spots
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Image Reconstruction and Analysis
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What is bio-image statistics?

& Five image types of features:

& Pixel statistics (max, min,...)

o Textures (Entropy, histogram,...)

& Polynomial decompositions

o High contrast features (e.g. object number, spatial
distribution, size, shape, ..., etc.)

o Standard image transforms (Fourier, wavelet,
Chebyshev)

Main Goal

& In recent years (after 2000 B.C.), new state-of -
art scanning machines like nano-PET/CT,
naon-SPECT/CT, micro-MR,...,and etc bring
imaging science into investigation of super
micro details inside live animal.

& This course is designed to understand how to
analyze the feature and interesting of bio-
image by using statistical tools.

Resources

& Biolmage Suite is an integrated image analysis
software suite developed at Yale University.
Biolmage Suite has been extensively used at
different labs at Yale since about 2001. The last
stable version is 2.6.1 which was released on
April 6th, 2009.

2017/4/21

What is bio-image statistics?

+ A good understanding of mathematics and
statistics and an interest in mastering the
bi ol ogi cal/biochemical/bio-image/Optical
images background is essential.

Tool

Statistics

Feature extraction and selection
Segmentation

Registration

Clustering, classification and annotation
Indexing and retrieval

Visualization

Resources

+ Center for Bio-Image I nformatics: The UCSB
Bio-Segmentation Benchmark dataset consists of
2D/3D images and time-lapse sequences that can
be used for evaluating the performance of novel
state of the art computer vision algorithms. Tasks
include segmentation, classification and tracking.
For each class of problem, at least one ground
truth dataset is available. We al so provide
performance metrics for comparing the results of
the algorithms with the ground truth. Additional
ground truth data will be posted as they become

available. http://www.biolmage.ucsb.edu/




Statistics

& Smoothing: Gaussian, Median, Mean,...

o Cl cation: Gaussian mixture model,
Bayesian approach,...

& Correlation: Pearson, Kendall, Spearman

& Relevant Test: Chi-test, Kappa,...

& Prediction: Spatial statistics, Regression,
General linear model,...

Frame Work between Statistics and
Image Analysis

Finding Objects

Images Analysis — o )

St

Examples
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Feature extraction and selection

& ROIL-Based Analysis
& Feature extraction: Size, Shape, Geometric,
Area, Volume, Distance,...

& Pixel intensity

& Clustering and Classification
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Two Treatments of [ ler Ultr
Images

Treatment 1 Treatment 2

Q: What are different features between these images?

A: (1). Time interval of Pea Maximum value of
peaks (3) tance between positive and negative peaks.
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Data Analysis and Model Two Computed Tomography of

Human Livers
The Line Plotof Flow Uelocity between

Normual Trestment snd Bland Trestment Grosps
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Q: (1) Are these images the same?

(2) Where are difference between these images?

Analytic Model

Velocity= u + Treatmeat+ Replicatian + Observation + Treatmeat* Replication
+ Treaimeat* Observatian + Replicatin* Observatian Q: (3) How long will show serious (bad) images?
+ Treatmeat* Replication* Observatian + Error

A(1,2): No. Pixel intensity and sharp are different.
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Two X-ray Images Human Knee Inverted Gray Scale Image

Inverted Scale

Image Adjus

PET-CT Whole Body Selected ROI

PET-CT : Benign Prostate |

o PET: the metabolic information was estimated
from PET images, including SUV of arteries,
iliac arteries, kidney, skin, whole body, and etc.

o CT: Therate of prostate volume

o Anaysis

& ROC (Receiver Operating Characteristic), AUC

[

(Areaunder ROC), Pearson'’s correlation, and }
ANOVA il |
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d with Trodat-1 brain
images by using MR

SPECT : The Parkinson Diseases B o

MR template im:

o Trodat-1 Imag

o The function

vity volume of corpus stratum L
y nd on the progress of PD £ \ \ / E I I
PECT (Normal) s it

o Realignment, Normalization

Tnd Values(%) Probability (Risk) of PD By Naive
. . - . . EX ues| Bayse

& Evaluation risk of PD by statistical model Accuracy a6

Specificity 67

0.996 0.998 0.998
& Naive Bayes, Logistic Regression,....,etc.

0.546 0.551
Sensitivity
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NPV 100 Abn Abn Abn Abn Nor Nor Nor

D R d 64-Slice MDCT | e
Cardiac 64-Slice MDCT _ ||h
% 64-Slice MDCT ~ua- - o
o Dedicate Anatomical Information of Cardiac H
Coronary Artery Disease (CAD) =

& Extracted Physical Information Patracted e A0 =
o Long axis, Short Axis, Intensity Values, ..., etc. :
o Statistical tools

o ROC (Receiver Operating Characteristic), AUC (Area
under ROC), Pearson’s correlation, and ANOVA

_Normal _ _Benign Malignant

Ultrasound: Elastogram

& Elstogram
o Visualized the elasticity of Breast Cancer by RGB
o Avoiding embarrassing and keeping privacy
¢ Extracted Color Information
o Intensity of Red/Blue channel
o Computing characteristic of ROI
o Statistical tools
o ROC (Receiver Operating Characteristic), AUC (Area

under ROC), Pearson’s correlation, Logistic
Regression, ANOVA,..., and etc.
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The Future

«An integrated project union together
with interdisciplinary

& Imaging/lmages

+ Information Science

¢ Bioinformatics

& Integrated Medical Information and Biological
Images for Personal Medicine

Thanks for Your Attention
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