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• Point/particle feature detection

• Reproducible research in computational science
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Basic Concept of Image Filtering (I)
• Application I: noise suppression
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Basic Concept of Image Filtering (II)

• Application II: image conditioning

Gonzalez & Woods, DIP 2/e

Canny, J., A Computational Approach To Edge Detection, IEEE 
Trans. Pattern Analysis and Machine Intelligence, 8(6):679–698, 
1986.



Gonzalez & Woods, DIP 3/e

Basic Concept of Image Filtering (III)

http://www.imageprocessingplace.com/
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Basic Concept of Image Filtering (IV)

• Image filtering in the spatial domain
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• Gaussian kernel in 1D

• First order derivative

• Second order derivative 

Gaussian Filter (I)
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Gaussian Filters (II)

• Some basic properties of a Gaussian filter
- It is a low pass filter

- It is separable

- It provides a good approximation of Airy disk
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Combination of Noise Suppression and 
Gradient Estimation (I)

• Implementation

• Notation: 
J:  raw image; 
I:   filtered image after convolution with Gaussian kernel G.

• A basic property of convolution
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Basic Image Operations

• Reading an imaging

• Accessing individual pixels

• Setting a region of interest (ROI)

• Writing an image
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Feature Detection: Points/Particles

Fluorescent speckles in a Xenopus extract spindle

Vesicles transported in a Drosophila motor neuron
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Feature Detection: Lines/Curves

Nikon Small World, 2003
Torsten Wittmann, UCSF
Filamentous actin and microtubules (structural proteins) in
mouse fibroblasts (cells) (1000x)

T. Wittmann et al, J. Cell Biol., 161:845, 2003. 

http://www.cell.com/cell_picture_show
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Feature Detection: Regions

A neutrophil chasing a bacterium. 
Devreotes Lab, Johns Hopkins U.

Mitochondria in mouse hippocampal neuron, James Lim, LBNL
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Point Feature Detection (I)

• In bioimaging a point is more often referred to as a particle or 
a single particle. Point detection is also referred to as "(single) 
particle detection".

• Some literature uses "particle detection" and "particle 
tracking" interchangeably. This may cause confusion. 

• Detection of point features is particularly important for 
bioimage analysis because many cellular structures are 
diffraction limited and appear as particles.
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Point Feature Detection (II)
• What information is extracted from feature detection:

- point position: sub-pixel resolutions are often required. 

- point intensity: may contain information about the number of 
molecules within the diffraction limit. 

• The main purpose of point detection, and bioimage analysis in 
general, is to get accurate and precise measurements. 
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Microscope Camera Pixel Size Calibration

• Example: Photometrics CoolSnap HQ2

• Image features are first measured in pixel coordinates

http://www.photomet.com/products/ccdcams/coolsnap_hq2.php
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x: actual feature length
y: measured feature length (in pixel)
p: pixel size
M: magnification
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Pixel Resolution Limit in Point Detection

(2, 2) (2, 2)
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Application: Axonal Cargo Transport
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Particle Detection Demo
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What is a Particle?

• ONE perspective: A point/particle is a local intensity maximum 
whose level is substantially higher than its local background 
neighborhood. 
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Basic Principle of Particle Detection

Low pass filter for noise 
suppression

Local maximum Imax
search

Local background IBG
search

Is Imax significantly higher
than IBG

Record a detected 
particle

Raw image

YES

NO
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LPF

σ

Step 1: Low Pass Filter (I)
• The Fourier transform 

of a Gaussian kernel is 
Gaussian.

• Impact of  selection
- A small  allows weaker 
features to be picked up but at 
the expense of more false 
positives.

- A large  selects strong 
features but at the expense of 
more true negatives. 
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Step 1: Low Pass Filter (II)
• Impact of  selection

- Applying a  that is too large will cause 
substantial shifting and merging of features. 

- Applying a  that is too small can not 
effectively suppress noise.

• Using a small  is usually 
preferred.

• A commonly used strategy of 
selecting  is to set it to be the 
Rayleigh limit.

A. Witkin, Scale-space filtering, ICASSP 1984. 

0 613 .
NA

 
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Step 2: Local Maximum Detection

3X3 mask 5X5 mask

• A local maxima has an 
intensity that is no smaller 
than those of its neighbors.

• Large masks give more 
stable results but lower 
detection resolution.
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Step 3: Local Background Detection

5X5 mask3X3 mask

• A local minima has an 
intensity level that is 
no higher than those 
of its neighbors.  

• Local background is 
detected through 
detection of local 
intensity minima. 
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Step 3: Establishing Corresponding Between 
Local Maxima and Local Minima

• Different approaches can 
be used to establish 
correspondence between 
local maxima and local 
minima. 

- Nearest neighbor
- Delaunay triangulation

Local intensity maxima

Local intensity minima
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Step 4: Statistical Selection of Features

ΔI; σΔI

Intensity

?max BG II I Q   

Q: selection quantile
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Introduction to the t-distribution

• For a normally distributed variable x~N(; ), the mean of n samples 

follows a normal distribution

• The normalized

• The t statistic defined by   

1

1 n

i
i

x x N ,
n n




   
 

 

 0 1x N ,
/ n



 

 2

1

1 where 
1

n

i
i

x s x x
ns / n





 

 



35

A Review of Two Sample t-test
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• Two-sample t significance test
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Feature Intensity Measurement
• Intensity 

calculation with 
background 
subtraction

Local intensity maxima

Local intensity minima

1

1 N
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I I I
N 
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N: number of local minima 
used to calculate background

Inet: net intensity 
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Camera Noise Model

• Signal 

• Signal shot noise

• Camera noise

• Total noise    

shotN S

S I QE T  

darkN D T  2 2
dark read darkN N N 

2 2 2
total shot read darkN N N N  
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Open Source & Reproducible Research

An article about computational science in a scientific publication is not the scholarship itself, it
is merely advertising of the scholarship. The actual scholarship is the complete software
development environment and the complete set of instructions which generated the figures.

—D. Donoho (http://www-stat.stanford.edu/~donoho/)

• Jon Claerbout is often credited as the first who proposed reproducible 
research.

• There are challenges. But these challenges can be overcome. 

• Methods for public-funded biological studies should be open-source.

http://reproducibleresearch.net/index.php/Main_Page

http://sepwww.stanford.edu/data/media/public/sep/jon/
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Open Source & Reproducible Research (II)

• Current literatures of image processing and computer vision often 
are formulated mathematically and do not provide source code.

• Challenges
- implementation (numerical issues)
- parameter tuning
- robustness a major performance issue



Some General Comments
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• It is possible but limiting to consider bioimage analysis as just 
another application.

• Excellent research opportunities in bioimage informatics

• Challenges
- Solid training in image processing and computer vision
- Interdisciplinary background and thinking

- For identifying and solving problems
- For collaboration

- "Non-traditional" career path
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Questions?


