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Outline for the digital image module 
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Introduction 
•  Representation of digital images in the computer 
•  Synthetic images 
•  Simple image manipulations 

 
• Segmentation  

•  Thresholding 
•  Otsu segmentation 

 
• Edge Detection 

•  Erosion, dilation and matrix difference 
 

• Noise Reduction (Denoising) 
• Noise models: Gaussian, Salt & Pepper 
• Denoising by local means and local medians 

today 



Noise and Denoising 
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• To demonstrate this, say your instructor chooses an integer I in [1,10], adds to 
it some integer N in [−∞, +∞], and tells you the outcome is S = 42. 

 
     Can you find I ? 



Noise and Denoising - Assumptions 
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Noise model: We will now discuss 2 very basic models: 
1. Gaussian noise 
2. Salt and Pepper noise 



Gaussian Noise Model 
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def add_gauss(im, sigma): 
   ''' Generates Gaussian noise with mean 0 and SD sigma. 
       Adds indep. noise to pixel, keeping values in 0..255''' 
   out_im = im.copy() 
   in_pix = im.load() 
   out_pix = out_im.load() 
 
   w,h = im.size 
   for y in range(h): 
       for x in range(w): 
           noise = round(random.gauss(0,sigma)) 
           out_pix[x,y] = min(max(in_pix[x,y] + noise, 0), 255) 
 
   return out_im 

The function random.gauss(mu, sigma) returns a 
floating point number of Gaussian distribution 
with expected value  m and standard deviation s 

http://en.wikipedia.org/wiki/File:Standard_deviation_diagram.svg


Gaussian Noise example 
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                original         add_gauss(im, 30) 



Salt and Pepper Noise Model 

7 

def add_SP(im, p=0.01): 
  out_im = im.copy() 
  in_pix = im.load() 
  out_pix = out_im.load() 
 
  w,h = im.size 
  for y in range(h): 
      for x in range(w): 
          rand = random.random() 
          if rand < p: 
              if rand < p/2: 
                  out_pix[x,y] = 0 
              else: 
                  out_pix[x,y] = 255           
  return out_im 

50:50 chance for black or white 



Salt and Pepper Noise example 
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                original          add_gauss(im, 30)               add_SP(im, 0.05) 



Denoising algorithms 
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• We will discuss in detail two approaches to denoising : 
1. Local Means 
2. Local Medians 
 

• We will briefly mention a different approach: 
3. Non-local means 

 
 

• Of course, these are only the tip of the iceberg 



Local Means 
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• Replace pixel at [x,y] by the average (mean) of its neighborhood. 
 

• Example, for a 3X3 neighborhood: 
 
 
 
 
 

• By averaging, SD reduces to 𝜎/ |𝑛𝑛𝑛𝑛ℎ𝑏𝑏𝑏ℎ𝑏𝑏𝑜|. 
- For a (2k+1)-by-(2k+1) square neighborhood, we get 𝜎/(2k+1)  
- For a 3X3 (k=1) neighborhood, we get 𝜎/3.  

 
 

 If noise is Gaussian, noise is reduced and original signal is preserved. 
 However, this is true for smooth areas. much less for edges. 

9, 0, 0, 5 
0, 0, 0, 0  
0, 0, 5, 0  
0, 0, 0, 0 

2, 1, 0, 1  
1, 1, 1, 1  
0, 0, 0, 0  
0, 0, 0, 1 

Three Gaussians,  
with 𝜎 = 0.5, 1, 2 (0.5 is the narrowest) 



Local Means – the Code 
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def mean(lst): 

    return sum(lst)//len(lst) 

 

def local_means(im, nx=1, ny=1): 

    return local_operator(im, mean, nx, ny) 

def local_operator(im, op, nx=1, ny=1): 

    w,h = im.size     

    out_im = Image.new('L',(width, height), 'white') 

    in_pix = im.load() 

    out_pix = out_im.load() 

 

    for y in range(h): 

        for x in range(w): 

            nlst = neighbors(in_pix, w, h, x, y, nx, ny) 

            out_pix[x, y] = op(nlst) 

 

    return out_im def neighbors(mat, width, height, x, y, nx=1, ny=1): 

    nlst = [ ] 

    for yy in range(max(y-ny, 0), min(y+ny+1, height)): 

        for xx in range(max(x-nx, 0), min(x+nx+1, width)): 

      nlst.append(mat[xx, yy]) 

    return nlst 

the 
operator 



Local Means - Executions 
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im = Image.open("./eifel.jpg") 
im = im.convert('L') 
im1 = add_gauss(im,30) 
im2 = local_means(im1) #default is nx=ny=1 
im3 = local_means(im1,2,2) 
join(im,im1,im2,im3).show() #see join in the next slide 

     original                   Gaussian noise (s=30)           local means(3X3)        local means(5X5) 



Join Images – a Helpful Utility 
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def join(*images): 
    ''' Join several images horizontally for easy display. 
      Assume all images are of the same size ''' 
    w,h = images[0].size 
    n = len(images) #number of images 
    new = Image.new('L',(w*n+n,h), 'white') #+n for some space between images  
 
    for i in range(len(images)): 
        new.paste(images[i], (w*i+i,0)) #+i for some space between images  
    return new 

• Since this function may be useful in other scenarios beyond denoising, we will 
put it in a separate file util.py, and import it from where it is needed: 

 
      from util import join 
 or  
      from util import * 
 
 (we can also simply write import util, but then its usage is util.join) 

 
• In fact, we moved local_opeartor and neighbors to a separate file as 

well (local.py), for the exact same reasons. 



Local Means - Limitations 
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• Blurs the image 
 

• Does not perform well on edges or "irregular" areas 
 
 

• Mean is sensitive to extreme outliers: 
 
 
 
 

      will perform badly on Salt and Pepper noise. 

9,0,0,200 
0, 0, 0, 0 
0, 0, 5, 0 
0, 0, 0, 0 

2, 1, 33, 50  
1, 1, 22, 34  
0,  0,  0,  0  
0,  0,  0,  1 

noise 



Weighted Local Means 
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Local Medians 
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• Replace pixel at [x,y] by the median of its neighborhood. 
 

• Example, for a 3X3 neighborhood: 
 
 
 
 
 

• Advantages: 
• median is not sensitive to extreme outliers  good for S&P noise 
• preserves sharpness of edges 

 
• Disadvantages: 

• eliminates small, fine features (including edge high resolution shape) 
• slower than local means (median calculation takes more time) 

9,0,0,200 
0, 0, 0, 0 
0, 0, 5, 0 
0, 0, 0, 0 

0, 0, 0, 0  
0, 0, 0, 0  
0, 0, 0, 0  
0, 0, 0, 0 



Local Medians – the Code 
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def median(lst): 

    lst.sort() 

    return lst[len(lst)//2] 

     

def local_medians(im, nx = 1, ny = 1): 

    return local_operator(im, median, nx, ny) 



Local Medians - Executions 
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original                      20%  S&P                   local medians (3X3)    local medians (5X5) 

local means (3X3) 
im1 = add_SP(im,0.2) 
im2 = local_medians(im1) 
im3 = local_medians(im1,2,2) 
join(im,im1,im2,im3).show() 
 
im4 = local_means(im1) 



Executions on Biological Images 
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original                  20%  S&P                       local means (3X3)        local medians (3X3) 



Executions on Biological Images (2) 
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original                      local means (3X3)                 local means (5X5) 

                      local medians (3X3)               local medians (5X5) Notes 
1. This image is relatively 

smooth, thus there is 
almost no blur. 

2. Treating only specific 
hues which we suspect 
as noise, a.k.a. bounded 
local denoising, could 
improve the results. 

Human RBC, image from http://www.broadinstitute.org/bbbc/image_sets.html 

http://www.broadinstitute.org/bbbc/image_sets.html


A glance to Non-Local approaches 
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• Most natural images have a high degree of redundancy. Specifically, this means that 
for most small windows in the original image, the window has many similar windows 
in the same image. 

Gaussian noise           Local means          Non - local means (NLMEANS) 

Window centered at p is similar 
to the one centered at q, but not 
to the one at r. 



A debate over Non-Local approaches 
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extracted from: 
http://www.mathworks.com/matlabcentral/fileexchange/27395-fast-non-local-means-1d--2d-color-and-3d 

This function NLMF performs Non-Local Means noise filtering of 1D signal, 2D grey/color or 
3D image data. The function is partly c-coded for cpu efficient filtering. Suitable for almost 
every image data type such as MRI, CT and normal photos. 
 
Warning !, Image filtering removes noise, but important (medical) details can also be lost, (see 
discussion in comments).  

Fast Non-Local Means 1D, 2D Color and 3D 
by Dirk-Jan Kroon  
  
28 Apr 2010 (Updated 07 Sep 2010)  

http://www.mathworks.com/matlabcentral/fileexchange/authors/29180


A glance to Non-Local approaches 
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This debate went on in several more posts. 
Actually, this is a debate over knowledge construction and reponsibility. 

Dear Dirk, 
I gave this a 2 - star because it is completely false advertisement to say that this is suitable for 
almost every type of image, especially medical images. I would hope that a doctor doesn't 
miss some lesion because your code filtered it out. You should really not try to sell this as 
more than it is. I know that NLM is a powerful denoising algorithm but it has its limitations. 
Firstly, I would certainly hope that you know something about medical images, such as MRI 
and CT, to be making such claims. If you don't then you shouldn't be making them. I can 
certainly tell you from my first hand knowledge that it can cover up lesions (just look at the 
example picture you posted - nearly all the anatomic detail is gone!) 
… 

Dear Eric Diaz, 
You are right this noise filter can remove small MS lesions in MRI or other important small 
structures such as calcification's. 
But this is the problem with all filtering algorithms, from simple Gaussian filtering to 
Anisotropic Diffusion Filtering. 
There are 100+ papers using NL-means on Medical Data, thus my claim seems justified. 
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Reflection 
• Modular software design (again) 

 

 

 

 

 

 

 

• We may think of local denoising methods as greedy. However this 

greediness is not merely algorithmic, and it has good basis in many cases. 

 

Local 
medians Dilation 

Local 
operator 

Erosion Local 
means 

Edge 
detection 

Diff 

Matrix 
operator 

… 

uses… 

special  
case of… 

special  
case of… 
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Exercises 
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1. Suppose a spot of size 4x4 pixels appears on a given image. 
 
 Which method would you use to denoise it, with what neighborhood size? 
 
 Check your answer by experiments. 
 
 
 
 
 
 
 
 
2. When would you consider a rectangular (non square) neighborhood for denoising? 

Give an example. 
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