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Today,
Image histogram
Intensity profiles
Image convolution, low pass filter
1D, 2D filter



What is a digital image?

Image can be considered as a matrix that is composed by 
pixels.Color representation of data. 

A number is assigned to each pixel that carry all the 
information. 

What type of digital images are used?

1. Binary Image
2. Gray scale image
3. Color image
4. True color image



Custom programs for analysis of biological systems

Where do we use custom programming to determine the properties/dynamics 
of biological systems

1. Image/video processing
2. Genome analysis
3. Microarray analysis
4. Proteomics analysis
5. Advance graphics



5

Example: Understanding satellite dynamics leads us to develop new computer 
algorithms.

Result: Analysis demonstrated that satellites can be distinguished based on their 
persistence ration and around centrosome they move both diffusively and 
persistently

Raw data

Challenges on the project:
1. Noisy images/videos
2. Moving objects
3. New parameters are needed to determine satellite dynamics
4. Advance graphics for data visualization
Our solutions was;
1. Noise free images
2. Build a custom tracking algorithms for moving objects (Satellites)
3. Compute new parameters : persistence, speed, distance, number etc.
4. Custom solutions for data visualization
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Figure 6. CCDC66-positive centriolar satellites exhibit both diffusive and microtubule-mediated directional 
motility. (a) Representative fluorescence images of satellites from time-lapse videos of RPE1::GFP-CCDC66 
cells (top-left and bottom-left panels) and corresponding trajectories of satellites as a function of time (top-right 
and bottom-right panels). CCDC66-positive satellites were identified and tracked using the single-particle 
tracking algorithms detailed in Materials and Methods. Satellites were classified into persistent (magenta) 
and diffusive (green) motility groups using a persistence ratio cutoff value of 0.5. (b) The distribution of the 
persistence ratio (direct distance(D)/total distance(T)) was used to determine the different motility groups. 
Persistence histogram (gray bars) were fitted with a single or double Gaussian function (black line). (c) 
Average speed and direct distance of satellites. (d) The distribution of satellite instant speed. The changes at 
higher instant speed values were shown in the inset. (e) Time-colored trajectories of persistent (top-left) and 
diffusive (bottom-left) satellites and analysis of their directionality to the centrosome (right-hand graphs). 
Corresponding distribution of distance from/to centroids were plotted to determine the directed motility of 
satellites. Centroids were marked as C, indicating the localization of the centrosome. Negative values indicate 
movement towards the centrosome and positive values indicate movement away from the centrosome. (f) A 
representative fluorescence image of RPE1::GFP-CCDC66 cells stained with SIR-Tubulin. Images were overlaid 
to determine microtubule mediated movement of satellite that move persistently. The right-hand panel indicates 
the time dependent movement of satellites. (g) Representative satellite (green) exhibits bimodal motility by 
alternating between persistent and diffusive movements. Still images from Movie 6 at the indicated time points 
were shown. The bottom right-hand panel indicates the time dependent movement of the satellite.



Reading tif file name
• Spfile=dir('*.tif')



Each image comes with a metadata that demonstrates  camera 
software, image properteis, where and how the image was 
generated. 
This is useful when analyzing images and videos
Spfile(1).name
a = 
imfinfo(Spfile(1).name)



Size of an image
xsize = a(1).Width;
ysize = a(1).Height;

1920 pixels

14
40

 p
ix

el
s



datB = imread(Spfile(1).name, 
'tif', 1);

figure(1)
ax=imshow(datB,[min(min(datB)) max(max(datB))/3])

Read images and show it in the figure



Finding brightest cell in the image



Finding all cells in the image



Intensity histogram
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Intensity profiles from images
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Intensity profiles from images

High frequency noise



What computation tools are available?

Technical term:
1. Low pass filters removes high frequency pixel noise in images.
All small pixels (3 or less) were removed from images. 

Noise free images, 
biomacromolecules are clearly 
identified

Noisy images, signals 
are not clear.

Example 2, analysis of satellites around centrosomes 



Challenges in Fluorescence Microscopy

Although we use high-end and super expensive microscopes, they are not perfect.
• Low signal to noise ratio
• Some issues: Blur images, pixel noise, focus loss, diffraction issues etc. 

• Solution: Post-processing of image/videos

Raw data:Pre-processing Post-processing

Technical term: Bandpass (low-pass) filter was used to remove noise.
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Figure 6. CCDC66-positive centriolar satellites exhibit both diffusive and microtubule-mediated directional 
motility. (a) Representative fluorescence images of satellites from time-lapse videos of RPE1::GFP-CCDC66 
cells (top-left and bottom-left panels) and corresponding trajectories of satellites as a function of time (top-right 
and bottom-right panels). CCDC66-positive satellites were identified and tracked using the single-particle 
tracking algorithms detailed in Materials and Methods. Satellites were classified into persistent (magenta) 
and diffusive (green) motility groups using a persistence ratio cutoff value of 0.5. (b) The distribution of the 
persistence ratio (direct distance(D)/total distance(T)) was used to determine the different motility groups. 
Persistence histogram (gray bars) were fitted with a single or double Gaussian function (black line). (c) 
Average speed and direct distance of satellites. (d) The distribution of satellite instant speed. The changes at 
higher instant speed values were shown in the inset. (e) Time-colored trajectories of persistent (top-left) and 
diffusive (bottom-left) satellites and analysis of their directionality to the centrosome (right-hand graphs). 
Corresponding distribution of distance from/to centroids were plotted to determine the directed motility of 
satellites. Centroids were marked as C, indicating the localization of the centrosome. Negative values indicate 
movement towards the centrosome and positive values indicate movement away from the centrosome. (f) A 
representative fluorescence image of RPE1::GFP-CCDC66 cells stained with SIR-Tubulin. Images were overlaid 
to determine microtubule mediated movement of satellite that move persistently. The right-hand panel indicates 
the time dependent movement of satellites. (g) Representative satellite (green) exhibits bimodal motility by 
alternating between persistent and diffusive movements. Still images from Movie 6 at the indicated time points 
were shown. The bottom right-hand panel indicates the time dependent movement of the satellite.
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Salt pepper noise

• Small white noise (dots) on the image is known as 
• The cause of white noise is either from camera due to heating during 

data acquisition or emitted light from surorndings is captured by the 
camera. 

Raw data with with noise
White noise is removed by 
using convolution



Image convolution 

Image convolution is a process where image is filtered for 
noise reduction, bluring, sharpening or edge detection

g(x,y) = f(x,y) * h(x,y)

•output is a new modified filtered image 



We apply 2-dimensional convolution

It is used to blur the images to remove noise and some details



Step 1. Create a convolution matrix
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Step 2. multiply convolution matrix with image

convimage = 
conv2(noisyimage',gaussianconv,'same');



Properties of convolution function

Convolution function can be represented by a two dimensional
matrix.
The size of the function is 3x3, 5x5, 7x7 etc.
Size is an odd number, if not, you cannot find the middle of the
mask. The convolution works by determining the value of a
central pixel by adding the weighted values of all its neighbors
together.

How to perform convolution?

Ø Prepare your funcion
Ø For each pixel, slide the function over the image.
Ø Multiply the corresponding elements and then add them all together
Ø Repeat until all values of the image has been calculated.



convimage = 
conv2(noisyimage',gaussianconv,'same');

Noisyimage: image to be convoluted or smoothed
Gaussianconv: vector or matrix used to convolve with A
Same: it return the same matrix size As A

[X,Y]: [165 79]
Index: 2622
[R,G,B]: [0.1098 0.1098 0.1098]



2d convolution occurs with two step if you use a 
vector

Convolution with 1d matrix



Convolution with 2d matrix
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g(x,y) = f(x,y) * h(x,y)

2D filter is applied to convolve an image


