
This is a very simple demonstration of filtering. In practice much more sophis-
ticated mathematical approaches can be used to optimize the performance of the
filter given the properties of the particular image. This is especially true if the MTF
of the system is known, in which case either ‘matched’ filtering or deconvolution
techniques can be used.

1.7 Data acquisition: analogue-to-digital converters

For many years, all medical images were viewed and stored on photographic
film. Nowadays, all modern hospitals are in the ‘digital age’, in which images
are acquired and stored digitally. They can be post-processed and filtered to
maximize the diagnostic quality, images acquired at different times can be quanti-
tatively compared to determine the effectiveness of a therapy, and images can also
be transferred automatically to another hospital if the patient moves location.
Irrespective of the particular medical imaging system, the common requirement
for producing digital images is an analogue-to-digital converter, which takes an
analogue input voltage from the medical imaging system and produces a digital
output. With the exception of MRI, the input signals from most medical imaging
modalities are not voltages per se, and so must be converted into voltages using an
appropriate detector. A general scheme of data flow to produce a digital output is
shown in Figure 1.12.
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Figure 1.12

Data flow from different medical imaging modalities to produce a digital output.
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1.7.1 Dynamic range and resolution

The ideal analogue-to-digital converter (ADC) converts a continuous voltage sig-
nal into a digital signal with as high a fidelity as possible, while introducing as little
noise as possible. The important specifications of an ADC are the dynamic range,
voltage range (maximum-to-minimum), maximum sampling frequency and fre-
quency bandwidth.

The concept of dynamic range is familiar from digital photography and
audio devices such as CDs. For example, the dynamic range of a photograph
can be expressed as the number of colour levels or the number of graytone
levels. The greater the number, the more accurately subtle differences in
colour or graytone can be reproduced. Figure 1.13 shows an example of a
medical image which is digitized with a different number of graytone levels:
clearly the greater the number of levels, the higher the quality of the image.
Similarly, for an audio device, the dynamic range describes the difference in sound
levels that can be accurately reproduced, from very loud to very quiet. If
the dynamic range is too small, then very soft sounds may be too low to be
detected.

For an ADC, the dynamic range is measured in bits, and specifies the number of
different values that the output of the ADC can have. For an N-bit ADC, the
number of different output values is given by 2N. For example, an 8-bit ADC
can have values from 1 to 255 (28=256), whereas a 16-bit ADC can give values
from 1 to 65535. The difference between these levels is called the resolution,
and its value is given by the voltage range of the ADC divided by the number
of levels.

256 levels 16 levels 4 levels

Figure 1.13

Representation of an MR image with a maximum of 256, 16 and 4 graytone levels, corresponding to
8, 4 and 2-bit ADCs. The image quality is already significantly reduced at 16 levels.

16 General image characteristics

钱丽玥�

钱丽玥�

钱丽玥�



Example 1.2 What is the minimum voltage difference that can be measured by a 5 volt, 12-bit
ADC?

Solution There are 4096 different levels that can be measured by the ADC, with values from
25 to 5 volts (note that the maximum voltage of the ADC refers to positive and
negative values). Therefore, the minimum voltage difference is given by 10/4096 =
2.44 mV.

Even ADCs with very high resolution cannot reproduce an analogue signal
perfectly. The difference between the true analogue input signal and the digitized
output is called the ‘quantization’ error, and this error becomes smaller the greater
the number of bits, as shown in Figure 1.14. From Figure 1.14, it can also been
seen that the values of the quantization error lie between 0 and 6 1/2 of the ADC
resolution.

In order to minimize the relative contribution of the quantization errors, there-
fore, the input voltage to the ADC should be as large as possible, without ‘saturat-
ing’ i.e. going above the maximum value of the ADC (which leads to artifacts).
Since the voltages at the output of the various detectors can be quite small, of the
order of micro or millivolts, an amplifier is used with sufficient gain to give a signal
to fill the ADC.

a b

c d

Figure 1.14

Dynamic range and quantization error. (a) The analogue sinusoidal signal which is to be digitized.
(b) The signal recorded by a three-bit ADC (dark line) and the quantization error (dashed line).
(c) Corresponding plot for a five-bit ADC, and (d) a six-bit ADC.
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