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3D registered and overlaid neuronal patterns of multiple fruit fly central complexes (top) and 
thoracic ganglia (bottom). Hanchuan Peng, 2008.
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 Five image types of features:
 Pixel statistics (max, min,…)

 Textures (Entropy, histogram,…)

 Polynomial decompositions 

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

 Standard image transforms (Fourier, wavelet, 
Chebyshev)
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 A good understanding of mathematics and 
statistics and an interest in mastering the 
biological/biochemical/bio-image/Optical 
images background is essential. 
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 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.  
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 Statistics 

 Feature extraction and selection 

 Segmentation

 Registration

 Clustering, classification and annotation

 Indexing and retrieval 

 Visualization
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 BioImage Suite is an integrated image analysis 
software suite developed at Yale University. 
BioImage 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. 
http://www.bioimagesuite.org/
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 Center for Bio-Image Informatics: 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 also 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.bioimage.ucsb.edu/
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 Smoothing: Gaussian, Median, Mean,…

 Classification: Gaussian mixture model, 
Bayesian approach,…

 Correlation: Pearson, Kendall, Spearman

 Relevant Test: Chi-test, Kappa,…

 Prediction: Spatial statistics, Regression, 
General linear model,…
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 ROI-Based Analysis

 Feature extraction: Size, Shape, Geometric, 
Area, Volume, Distance,…

 Pixel intensity

 Clustering and Classification    
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Images 2D/3D/4D

Images Analysis

Edge Detection

Finding Objects

Transformation
Annotation

Decision

Segmentation

Cluster/Classification

Restoration

Spatial Statistics
21

Images 2D/3D/4D

Images Analysis

Annotation

Decision

Signal Processing
Reconstruction

Edge Detection

Finding Objects

Transformation

Segmentation

Cluster/Classification

Restoration

Spatial Statistics

Quantitative Analysis
Positive or Negative

Treatment Plan

影像定量分析: 透過數學或
統計方法找出影像特徵並
與疾病進行關連分析的一
種技術。

目的 : 建立客觀量化數據
(資訊)，提升(輔助)定(質)
性判讀結果。

重點: 如何從影像上找出影
像特徵??
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Treatment 1 Treatment 2

Q: What are different features between these images? 

A: (1). Time interval of Peaks (2). Maximum value of 
peaks (3). Distance between positive and negative peaks.
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Case 1 Case 2

Q: (1) Are these images the same? 
(2) Where are difference between these images?
A(1,2): No. Pixel intensity and sharp are different. 

Q: (3) How long will show serious (bad) images? 
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What difference?
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Original Scale Inverted Scale

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

 CT: The rate  of prostate volume 
 Analysis 

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

29

PET-CT Whole Body Selected ROI ROC
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 Trodat-1 Imaging 
 The functional activity volume of corpus stratum 

was varying depend on the progress of PD

 MR/CT/SPECT (Normal): 
 Realignment, Normalization

 Evaluation risk of PD by statistical model
 Naïve Bayes, Logistic Regression,….,etc.
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 64-Slice MDCT

Dedicate Anatomical Information of Cardiac 
Coronary Artery Disease (CAD) 

 Extracted Physical Information

Long axis, Short Axis, Intensity Values, …, etc. 

 Statistical tools
 ROC (Receiver Operating Characteristic), AUC (Area 

under ROC), Pearson’s correlation, and ANOVA
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3D MPR of Cardiac 64-Slice MDCT 

Extracted 
Features
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 Elstogram
 Visualized the elasticity  of Breast Cancer by RGB
 Avoiding embarrassing and keeping privacy

 Extracted Color Information
 Intensity of Red/Blue channel 
 Computing characteristic of ROI 

 Statistical tools
 ROC (Receiver Operating Characteristic), AUC (Area 

under ROC), Pearson’s correlation, Logistic 
Regression, ANOVA,…, and etc. 
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BenignNormal Malignant

ANOVA Test
Mean Plot between Treatments
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An integrated project union together 
with interdisciplinary

 Imaging/Images 

 Information Science

 Bioinformatics

 Integrated Medical Information and Biological 
Images for Personal Medicine 
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 Thank all students for their efforts in projects

 Thank E-DAH and VGHKS for providing 
images

 Thank Prof. Hung, Ding, Du, MD Lu, MD 
Chen, and other related experts/technological  
radiologist for their support and comments in 
projects
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