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Let us consider that a traditional digital image is two-dimensional, even if it is
made of a three-dimensional object. In this case, we only see the projection of
the object, which can cause difficulties in evaluating the image. A typical case is a
satellite image taken of the Earth's surface. In fact, digital image analysis was
started in the 1970s with the beginning of the space program, at the Jet
Propulsion Laboratory in California, to solve such problems.

A two-dimensional image of a spherical body (e.g. Earth) taken from a distant point (e.g. satellite) is merely a 
projection.
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On 4 March 2015, the crew of a Turkish Airlines A330 continued an automatic non precision RNAV (GPS) approach below
the prescribed minimum descent altitude without having obtained any element of visual reference and when this was
acquired a few seconds before the attempted landing, the aircraft was not aligned with the runway centerline and during
a 2.7g low-pitch landing, the left main gear touched down on the grass. The aircraft then left the runway completely before
stopping with a collapsed nose gear and sufficient damage to be assessed a hull loss. None of 235 occupants sustained
serious injury.
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Resolution
The reciprocal of the limit of resolution is called 

the resolving power („resolution”): f = 1 /d.

- PPI, pixels per inch (display)
- DPI, dots per inch (printer)
- line pairs / cm
- …

Reducing the resolution: 
loss of information, 

additional increase of the 
resolution: no additional 

information.



Zoom
Pixel size is changed
Bitmap: zoom enables convenient assessment/analysis, but no additional information
Vector: unlimited zoom, but the shapes on the image should be defined with curves

Most images recorded 
by different medical 

imaging modalities are 
bitmap images. 

e.g. fonts or simple 
geometric shapes 

(triangle, rectangle, 
circle) are usually defined 

as vector objects. 



File formats

• uncompressed, e.g. BMP (bitmap)

• compressed

• lossless, e.g. TIFF, GIF

• lossy, pl. JPG

• DICOM

• image information (including image series or stacks)

• patient data

• data regarding imaging mode / instrument settings, windowing

• in the case of a CT scan, the radiation dose, etc.

„Digital Imaging Communications in 
Medicine”

(standard medical image file format + 
network communication protocol)

small storage requirement, but 
some image information is lost



Distortion

• if 3D object is imaged on a 2D display

• barrel / cushion / keystone

barrel cushion

undistorted

keystone



Measure of distortion



Distortion of imaging lenses

An example of keystone distortion in a lens layout and 
as it manifests in the image plane.

wave, or 
mustache 
distortion

Negative, 
or barrel 
distortion 
in a lens

A distortion plot showing the variance of distortion 
with respect to wavelength.



Filtering:

Noise:
• most common source: detector
• „salt and pepper” (randomly 

alternating black and white pixels)

median mean

XMe

highly 
effective 

against salt-
and-pepper 

noise

semiconductor detectors 
are temperature

sensitive: cooling reduces
the imaging noise



Convolution
transformation between two functions (digital image and kernel); kernel operation

„smoothing” kernel

P = original greyscale intensity value

x,y = coordinates of the current pixel

P* = modified greyscale intensity value

±m = size of the kernel (distance measured from the x,y coordinates)

W = weighing factor of the kernel at a given pixel determined by its

i,j coordinates

i,j = coordinates across the kernel (integer numbers between -m and

+m)

„smoothing” convolution

smoothing



Kernel-operations (example)

„smoothing” kernel

15 25 38

20 40 25

10 36 20

The following calculation is performed:
1. The value (40) of the currently selected pixel

(which falls on the central pixel of the kernel) is
multiplied by 1.

2. The neighboring pixel values ​​are multiplied by the 
kernel's corresponding pixel values ​​(also 1).

3. The calculated intensity values ​​are added and 
divided by the total value of the kernel (9).

4. We assign the calculated value (25.44) to the 
selected pixel (central pixel).

1 1 1 15 25 38

1 1 1 20 40 25

1 1 1 10 36 20

15 25 38

20 25.44 25

10 36 20














