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Introduction to Medical Imaging

Radiology

• discipline within medicine

• deals with imaging of the human body for diagnostic and therapeutic purposes

Medical Imaging

• Make images of the inner human body

• usually non- or minimally invasive (in contrast to surgical interventions)
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Sample Image
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Computer Tomograph
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Sample Image
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Sample Videos

• https://www.youtube.com/watch?v=Wh4aEc4yPh0

• https://www.youtube.com/watch?v=o9EEszvO8PU
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Clinically Relevant Imaging Methods

• X-Ray imaging

• computed tomography (CT)

• magnetic resonance imaging (MRI)

• sonography (ultrasound)

• positron emission tomography (PET)

• single-photon emission computed tomography (SPECT)

• magnetic particle imaging (MPI, pre-clinical)

• optical methods (e.g. microscopy, optical coherence tomography (OCT) )
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Classification of Imaging Methods

• projection vs. tomographic method

• requires radiation or not

• uses a tracer or not
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Projection vs. Tomographic Methods

Projection Methods

• Image a line integral through along a certain angle

• Depth information is lost

• Example: X-ray imaging

Tomographic Methods

• tomography derived from greek words tomos (engl. slice) and graphein (engl.
drawing)

• is capable of determining slice images of the inner human body without invasive
surgery

• Example: CT, MRI, PET, SPECT, OCT, Ultrasound, MPI
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Ionizing Radiation

Ionizing radiation is harmful for patient and operator

Ionizing Radiation
X-ray, CT, PET, SPECT

Free of Ionizing Radiation
MRI, MPI, Ultrasound and optical methods (OCT)
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Tracer

Some imaging techniques use tracer material that is injected prior to an examination

Tracer Based
PET, SPECT, MPI

Works Without a Tracer
MRI, X-ray, CT, Ultrasound, and optical methods (OCT)

However, in X-ray, CT, and MRI tracer is also used as contrast agent
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Tracer Example
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Sample Image

⇒ Magnetic resonance imaging (MRI) 12



Sample Image

⇒ X-ray 13



Sample Image

⇒ Computed tomography (CT) 14



Sample Image

⇒ Positron emission tomography (PET)
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Sample Image

⇒ Optical coherence tomography (OCT)
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Tomographic Imaging

Goal
Make slice or volume images from 3D objects without the need to actually cut the
object.

Tissue is not imaged directly but instead a certain physical parameter I is imaged

Example
MRI: density of hydrogen CT: absorption coefficient for X-rays.
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Tomographic Imaging

Mathematically

I : R4 → R, I (x , y , z , t).

Very often imaging is restricted to static objects (I (x , y , z)) or 2D planes (I (x , y))
through an object.
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Tomographic Imaging

Remark

• For some imaging modalities (e.g. CT) I carries some physical quantity and in turn
has a physical unit.

• For the mathematical treatment we will usually omit the units
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Imaging Performance

The following metrics are used to compare imaging methods

• Image contrast

• Spatial resolution

• Temporal resolution

• Sensitivity
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Spatial Resolution

Resolution defines the ability of a system to distinguish two dots.
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Distinguished is usually defined as
a property that holds true if the
signal value at the gap is less than
0.5 of the value in the dots.
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Spatial Resolution

Notes

• Resolution can be defined on both continuous and discrete signals

• In general: resolution ̸= pixel resolution

• Each dimension has its own resolution named after its dimension name: spatial
resolution, temporal resolution, spectral resolution

Example

22



Contrast

• Essential in order to differentiate different structures

• No contrast ⇒ no differentiation

• Example: Ibone = Itissue would be problematic

Definition

C =
max{I} −min{I}
max{I}+min{I}

.
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Contrast

Example
For instance the function

f (x) = 1 + α sin(2πx), |α| ≤ 1

has the contrast

C =
1 + α− (1 − α)

1 + α+ 1 − α
=

2α
2

= α.
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Contrast

As is shown in the following figure, the function f (x) has high contrast for large α and
small contrast for small α.
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Signal to Noise Ratio (SNR)

Defines how noisy a signal is. The SNR is formally a property of a single random
variable (with mean or expected value µ and standard deviation σ) and defined as

SNR =
µ

σ

For (dimensional) signals one can define a global SNR. To this end one can take a
mean value in the numerator and the standard deviation in a signal-free region as the
denominator.
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