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(57) Abstract

An x-ray examination apparatus comprises an x-ray source

(1) for generating an x-ray image and an image analysis system (2)

derives brightness variations from the x-ray image and derives a dose control signal dependent on said brightness variations in order to

control the x-ray source. The image analysis system (2) derives a

distribution of said brightness variations and derives the dose control

signal from the distribution of brightness variations. Preferably, the image analysis system is arranged to derive the brightness variations
from the processed image and a histogram analysis is employed to derive the dose control signal.
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X-ray examination apparatus with dose control.

The invention relates to an x-ray examination apparatus comprising

- an x-ray source for generating an x-ray image and

- an image analysis system

- for deriving brightness variations from the x-ray image, and

- for deriving a dose control signal dependent on said brightness variations in

order to control the x-ray source

Such an x-ray examination apparatus is known from German
Offenlegungsschrift DE 43 28 784.

The image processor of the known x-ray examination apparatus is a temporal
recursive filter which derives the processed image as a temporally filtered image from the x-
ray image. The known x-ray examination apparatus comprises an image analysis system with
a motion detection module for deriving brightness variations in the processed image which are
due to motion in the processed image. In particular the motion detection module calculates
these brightness variations as differences between brightness values at successive instants in
time and in the same spatial position in the processed image. An amount of motion in the x-ray
image is estimated from such differences between brightness values with the help of fuzzy
logic rules. The motion in the processed image is motion in the temporally filtered image. The
x-ray source of the known x-ray examination apparatus is adjusted on the basis of the amount
of motion as estimated from the differences between brightness values. Notably, the x-ray
source is adjusted to generate a high x-ray dose when the amount of motion is large and to
generate a low-x-ray dose when the amount of motion is small.

The known x-ray examination apparatus employs a rather crude estimate of the
amount of motion. As a consequence the x-ray source, in the known x-ray examination

apparatus os adjusted rather inaccurately.

An object of the invention is to provide an x-ray examination apparatus which

can achieve more accurate adjustment of the x-ray source. A particular object of the invention
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is to provide an x-ray examination apparatus which can achieve accurate adjustment of the x-
ray source which takes into account the amount of motion in the x-ray image more accurately
for the adjustment of the x-ray source.

This object is achieved by an x-ray examination apparatus acéording to the
invention which is characterized in that - the image analysis system is arranged to

- derive a distribution of said brightness variations and

- derive the dose control signal from the distribution of brightness variations.

According to the invention, on the basis of the distribution of brightness
variations it is determined to what extent the x-ray image is affected by noise and motion in
the x-ray image. Local information, such as local brightness variations, is aggregated into a
dose control signal that is an accurate and global i.e. comprehensive representation of the
amount of motion in the x-ray image. It has been found that brightness variations due to local
image corruptions and brightness variations due to changes in significant areas of the x-ray
image cause different distributions of brightness variations. The distribution of brightness
variations notably allows corruptions of the x-ray image which do not substantially affect the
diagnostic quality to be distinguished from image corruptions which deteriorate the diagnostic
quality of the x-ray image. The diagnostic quality of the image is high when small details of
little contrast are clearly visible in the image.

The dose control signal controls the x-ray source, in particular the dose control
signal controls a high voltage supply for the x-ray source. On the basis of the dose control
signal, the x-ray source is adjusted in such a manner that the x-ray dose is kept low when only
insignificant image corruptions occur and the x-ray dose is set to a higher value when
significant portions of the x-ray image are affected. The insignificant corruptions hardly affect
the diagnostic quality of the x-ray image while significant corruptions seriously deteriorate the
diagnostic quality. Notably when in the case of at a low x-ray dose it appears that only
insignificant image corruptions occur in the x-ray image, such isolated image corruptions are
preferably reduced by filtering the x-ray image. Such isolated image corruptions, due to x-ray
quantum noise, are preferably reduced by filtering rather than to avoid them by employing a
higher x-ray dose. Insignificant image corruptions are, for example, caused by spurious
isolated brightness variations or by small brightness variations. Significant image changes are
caused, for example, by motion in the x-ray image, such motion may be due to a moving
catheter, the beating of the patient’s heart or the patient’s respiratofy motion. In areas where
such a significant change occurs image corruptions due to, for example x-ray quantum noise

cannot be removed by recursive filtering. This is because when if recursive filtering is applied
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to portions of the x-ray image containing a significant amount of motion, a series of after-
images of the moving portion is generated. Such a series of after-images gives the impression
of the moving portion having a tail of after-images.

The x-ray dose can be adjusted by adjusting the energy and/or the intensity of
the x-rays emitted by the x-ray source.

These and other aspects of the invention will be elucidated with reference to the
embodiments defined in the dependent Claims.

In a preferred embodiment of an x-ray examination apparatus according to the
invention, the distribution of brightness variations is derived from a processed image rather
than directly from the x-ray image itself. The image processing may involve recursive
temporal filtering or spatial filtering of the brightness values of the x-ray image. In particular,
the image processing involves adaptive recursive temporal filtering which is adjusted in
dependence on an amount of motion in the x-ray image. The x-ray dose is controlled on the
basis of the processed image, because the dose control signal is derived from a distribution of
brightness variations in the processed image. Thus it is achieved that variations or changes in
the image quality due to the processing are taken into account for the adjustment of the x-ray
dose. Accurate adjustment of the x-ray dose is achieved; the x-ray dose is notably suitable for
realizing a processed image with a high diagnostic quality, and a comparatively low x-ray dose
is used. The processed image is displayed and used as a technical aid for making a diagnosis.

In a further preferred embodiment of the x-ray examination apparatus according
to the invention, the brightness variations are derived from a comparison between previous
brightness values of the processed image and present brightness values of the x-ray image.
Differences between corresponding previous brightness values of the processed, i.e. filtered,
image and present brightness values of the x-ray image notably represent mainly changes in
the x-ray image due to motion when such differences are of large magnitude. Differences of
small magnitude, however, are substantially due to small variations caused by x-ray quantum
noise. Notably, motion in the image usually extends over a rather large number of pixels and
hence results in brightness variations of about the same magnitude in many pixels, whereas
isolated brightness variations are likely to be due to noise.

In a further preferred embodiment of an x-ray examination apparatus according
to the invention, the distribution of brightness variations is formed on the basis of a motion
quantity which is a function of the brightness variations. Thus the distribution is in fact formed
from values of the motion quantity. The motion quantity is a decreasing function of the

brightness variations. Preferably, the motion quantity has a gradual threshold in that for
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relatively large brightness variations the magnitude of the motion quantity is small the
magnitude of the motion quantity is large and for small brightness variations. For either very
small or very large brightness variations the motion quantity varies only very little as a
function of the brightness variations; in an intermediate range between small and large
brightness variations there is a transitional region in which the motion quantity gradually
varies. The intermediate range of brightness variations gradually separates small brightness
variations that are mainly due to x-ray quantum noise from large brightness variations that are
mainly due to motion in the x-ray image. It has been found that the transitional region and
other details of the motion quantity can be appropriately selected in an empirical way. The
distribution of brightness variations on the basis of the motion quantity accurately represents
the amount of motion relative to the amount of noise in the x-ray image. To this end,
preferably the motion quantity is a function of the brightness variations due to motion relative
to the brightness variations due to noise in the x-ray image.- Notably the distribution of
brightness variations on the basis of the motion quantity, i.e. the distribution of the values of
the motion quantity, provides an accurate indication of the effect of image corruptions on the
diagnostic quality of the x-ray image. On the basis of the distribution of the values of the
motion quantity notably the presence of substantial image corruptions due to motion are
distinguished from small or isolated corruptions that do not affect the diagnostic quality or can
be reduced by filtering the x-ray image. Preferably, these brightness variations are derived
from the processed image, notably an adaptively recursively temporally filtered image. The
recursive filtering is advantageously controlled by the motion quantity so as to achieve
stronger filtering than the less motion there is in the x-ray image.

Because the motion quantity is a decreasing function of the brightness
variations due to motion, it is avoided that large brightness variations are inadvertently
discarded. Any large brightness variation due to motion gives rise to values of the motion
quantity that are close to zero, so that such large brightness variations give rise to a substantial
component of the distribution of the brightness variations due to motion at small values of the
motion quantity. Hence, when the small values of the brightness variations are adequately
taken into account, e.g. by considering all values of the brightness variations below some pre-
selected ceiling value, even very large brightness variations due to motion can hardly be
overlooked.

Preferably, the dose control signal is derived from a.histogram of the values of
the motion quantity. Such a histogram represents the distribution of the values of the motion

quantity, i.e. the distribution based on the motion quantity of the brightness variations. The
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histogram of values of the motion quantity comprises the frequency of occurrence of values of
the motion quantity. The histogram is formed by collecting the values of the motion quantity
in predetermined intervals that are usually called ‘bins’. The histogram represents the
respective number of values of the motion quantity in the respective bins.

Preferably, a motion indicator value is derived from the histogram of the values
of the motion quantity. The motion indicator value is accurately representative of the degree of
substantial corruption of the x-ray image affecting the diagnostic quality of the x-ray image. In
fact, the motion indicator value appears to be an accurate threshold value which separates
irrelevant brightness variations from substantial image corruptions. In particular the motion
indicator value is derived from one or more lower percentiles of the histogram of the values of
the motion quantity. It appears that in practice the image corruptions which correspond to the
lower 5%-percentile are spurious brightness variations that hardly affect the diagnostic quality
of the x-ray image. On the other hand, brightness variations which correspond to the lower
10%-percentile already markedly deteriorate the overall diagnostic quality of the x-ray
image.Thus, particularly accurate results are obtained when the motion indicator value is
derived from the lower 5%- and 10% percentiles of the histogram of values of the motion
quantity. The dose control signal is based on the motion indicator value so that the x-ray dose,
i.e. the energy and/or intensity of the x-rays, is increased if there is a substantial amount of
motion in the image and the x-ray dose is not increased or when any image corruptions do not
affect the diagnostic quality of the x-ray image or such image corruptions can effectively be
reduced by filtering the x-ray image.

Preferably, the noise level in separate pixels in the processed image is computed
from the actual x-ray dose, the noise level of previous brightness values of the processed
image and the value of the motion quantity in the relevant pixel. The noise quantity is
preferably a decreasing function of the noise level so that it is avoided that large brightness
variations due to noise are inadvertently disregarded. The distribution of the noise quantity is
formed from the values of the noise quantity in the separate pixels in the processed image. The
calculation of the noise level in pixels in the processed image is based on the relation between
the x-ray image and the processed image, notably as formed by the recursive temporal filtering
that is controlled by the motion quantity. Because of the Poisson nature of the x-ray quantum
noise, the noise level of the present brightness values of the x-ray image is accurately
estimated from the actual x-ray dose, i.e. from the actual setting of' the x-ray source. The

distribution of the noise quantity reveals if brightness variations due to noise cause image
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corruptions that are insignificant or if the image corruptions cause significant deterioration of
the diagnostic quality of the x-ray image.

Preferably, the noise level is represented by a noise indicator value that
is derived from the histogram of brightness variations due to noise, notably from the lower 5%
and lower 10% percentiles of the histogram of brightness variations due to noise. Notably the
lower 5% percentile of the histogram appears to pertain to insignificant image corruptions and
the lower 10% percentile of the histogram to image corruptions that are large enough to
deteriorate the diagnostic quality. Hence, preferably a noise indicator value is derived from the
lower percentiles of the histogram of the noise quantity. The noise indicator value forms an
appropriate threshold that distinguishes insignificant image corruptions from deteriorations of
the diagnostic quality.

Furthermore, the noise indictor values and the motion indicator values are
derived as averages of the lower 5% and lower 10% percentiles of the histograms of the noise
quantity and the histogram of the motion quantity, respectively. In this way stable results are
obtained for the noise and motion indicator values such that sudden changes of the dose
control signal derived from the noise and motion indicator values are avoided.

In a preferred embodiment of the x-ray examination apparatus according to the
invention, the noise level of forthcoming brightness values of the x-ray image is derived from
the present noise level of the processed image and the amount of motion as represented by the
motion quantity, particularly by the motion indicator value. The noise level is accurately
represented by the noise indicator value.

In practice the image is formed during a period of time. During said period of
time noise and/or motion can occur in the image so that the signal level of the image signal
varies in time. The brightness values of the image such as the x-ray image and of the
processed image in practice are often represented by signal levels of an image signal. In
particular, the image signal is an electronic video signal. The brightness variations are
represented by differences between corresponding signal levels of the image signal at
successive instants in time. Alternatively, the image at successive instants during said period
of time can be regarded as a series of successive images and analogously the image signal at
said instants as successive image signals. Brightness variations are then represented by
differences of corresponding signal levels of successive image signals. Furthermore, signal
levels of the image signal at successive instants or of successive irﬁage signals correspond

when they relate to substantially the same position in the image.
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These and other aspects of the invention will be elucidated with reference to the

embodiments described hereinafter and with reference to the accompanying drawing; therein:

The sole Figure is a schematic representation of an x-ray examination apparatus

according to the invention.

The Figure is a schematic representation of an x-ray examination apparatus
according to the invention. The x-ray source irradiates a patient 10 who is radiologically
examined with an x-ray beam 11. Because of local variations of the x-ray absorption in the
patient 10, an x-ray image is formed on the entrance screen 21 of the x-ray detector 20. In the
example shown in the Figure the x-ray detector is an x-ray image intensifier television chain.
The entrance screen 21 of the x-ray image intensifier 22 comprises a conversion layer 23 and a
photocathode 24. X-rays which are incident on the conversion layer generate low-energy
radiation such as blue light or ultraviolet radiation whereto the photocathode is sensitive. De
low-energy radiation causes the photocathode to emit electrons. The x-ray image intensifier
also includes an exit window 25 on which a phosphorlayer 26 is provided. The electrons from
the photocathode 24 are guided to the phosphor layer by an electron-optical system 19 which
electron-optically images the photocathode on the exit window 25. The electrons from the
photocathode 24 generate light or infrared radiation in the phosphor layer 25 so as to form an
optical image on the exit window. The exit window 26 is optically coupled to the television
camera 27 by means of an optical coupling 28. This optical coupling includes, for example a
system of lenses or a fibre coupling. The television camera 27 includes an image sensor 29
which derives electrical charges from the light from the exit window 25. The image sensor
includes a read-out register to derive an electrical image signal from the electrical charges; this
image signal is fed to an adjustable amplifier 30. The adjustable amplifier 30 supplies an
amplified image signal to a white-compression circuit 40. The white-compression circuit
derives a compressed image signal from the amplified image signal. As the signal levels of the
amplified image signal are higher, they are more compressed. Preferably, the white-
compression circuit compresses the amplified image signal by taking the logarithm of the
signal levels. The white-compression is calibrated or adjusted in sﬁch that a manner the
dynamic range of the compressed image signal matches the input range of an analog-to-digital

converter 41. The analog-to-digital converter 41 derives a digital image signal (DIS) from the
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compressed image signal and applies the digital image signal to the image analysis system 2.
In an alternative embodiment, the x-ray detector is an x-ray matrix sensor which derives a
digital signal from the x-ray image. In that embodiment a digital gain adjustment device and a
digital white-compression unit are employed to form the digital image si gnai which is applied
to the image analysis system. _

The image analysis system 2 incorporates an image processing unit 3. The
image processing unit 3 is a recursive temporal filter 50 which reduces noise in the digital
image signal. The recursive temporal filter 50 filters the digital image signal in which the
noise level is reduced while the image information of the digital image signal is suitably
maintained. The filtered image signal (FIS) is supplied to a buffer unit 44 for storing the
filtered image signal for further processing or for printing on a hard-copy. The filtered image
signal (FIS) is also applied to a digital-to analog converter 42 which derives an analog filtered
signal (aFIS) which is applied to a monitor 43. The image information of the x-ray image is
displayed on the monitor.

The image analysis system 2 incorporates the motion detection unit 4 and the
noise detection unit 5 which derive the amount of motion and noise respectively in the digital
image signal (DIS). The motion detection unit 4 and the noise detection unit 5 control the
temporal recursive filter; specifically, the temporal recursive filter is controlled by the motion
detection unit and the noise detection unit 5 via a functional unit 51 as will elaborated in the
sequel. Furthermore, the image analysis system 2 derives the dose control signal which is
employed to control a high-voltage generator 50 for the x-ray source 1.

The digital image signal DIS is applied to the temporal recursive filter 50. The
signal amplitudes U; of the current digital image signal DIS are combined with the signal
amplitudes of the digital image signal of a previous image or, in other words, of the image at a
previous instant in time, Y;;, according to
Y, (x)=Y_(x)+ K,()U;(x) - ¥_ (x)], ¢y
where x denotes the position in the image and K; is a filtering coefficient. The indices i-/ and i
denote the successive instants. The motion detection unit 4 derives the amount of motion in
the image from the signal levels of the digital image signal at successive instants. The motion
detection unit computes the difference d,(x) = U, (x) - Y,_,(x). The digital image signal is also
applied to the noise detection unit. In particular, the noise detection unit 5 is arranged to
compute statistical variances or standard deviations. The noise detection unit 5 notably,
computes the variances of the signal levels of the digital image signal and the filtered digital

image signal, i.e. the noise detection unit 5 computes
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u’(x)= VarU,(x),

(2)
o} (x)= VarY,(x)
and the variance of the difference s’(x) = Vard, (x) = o2, (x)+u/(x) . The variance Wl(x)is
computed by the noise detection unit from the x-ray intensity at the respective positions in the
x-ray image while making use of the transfer characteristics of the image-intensifier television
chain and the setting of the white-compression circuit. The variance of the previous filtered
digital image signal o;. I(x) represents the noise level of the previous filtered image. This
variance ;. ; (x) has been calculated by the functional unit in the preceding iteration according

to the formula (3) below. It is apparent that u?(x) is inversely proportional to the x-ray dose

used to form the x-ray image. Hence, it is useful to write

. glU,(™)]
u,‘ (X) - D. ’

i

where the function g represents the intensity dependency of the noise due to the Poisson nature
if the x-ray quantum noise and the function g also represents the modulation transfer of the x-
ray image intensifier television chain as well as the white compression. Furthermore, for the
calculation of the variance of the difference statistical independence of the noise in successive
images is assumed.

A functional unit 51 calculates the motion quantity from the difference and its

d?(x)

variance, i.e. &, (x) = u[ 3

i

] , where i is a smoothly decreasing function. In particular the

function u has a gradual threshold. This means that for high values, i.e. above some pre-set
upper boundary of its argument, the function has a preset maximum value, for low values, that
is below some pre-set lower boundary of its argument the function u has a pre-set minimum
value. Between the lower boundary and the upper boundary the function i gradually increases
from the minimum value to the maximum value. Preferably, the functional unit 51 comprises a
look-up table in which the function u is stored in the form of a table which assigns values of
oy(x) to input values of di(x) and si(x). Furthermore, the functional unit 51 calculates the filter
coefficient:

a(x)uf(x)
O‘,.?‘_1 (x)+ uf (x) ’

K.(x)=1- 3)
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The (local) filter coefficients K(x) are employed to control the temporal recursive filter. In
particular, less temporal recursive filtering is performed as the differences between signal
levels, that is brightness values, at successive instants is larger. In other words, the image at
the previous instant is taken less into account for the computation of the filtered image signal
as the difference between the image at successive instants is larger. Furthermore, it is to be
noted that the variance of the current filtered image signal is recursively determined from (1)
and (2)

_ -, (0 +02,(x) ,

2
o (%) D) = @)

Thus, the noise level of the current filtered image is estimated form the current
digital image signal and the previous filtered image signal. The computation of the variance of
the current filtered image according to the relation (4) is carried out by the functional unit 51.
The functional unit 51 also calculates a noise quantity vi(x) which is a decreasing function of

the variance o/%(x). Particularly accurate results for the dose control signal have been achieved

by using the ratio v (x) = _sDE(_x)] .
o; (x)
The functional unit 51 applies the calculated noise and motion quantities and o,
and Vv to a counting unit which acts as both the motion-counting unit and the noise-counting
unit. The counting unit 6 derives histograms of the noise quantity and the motion quantity. The

counting unit derives noise and motion indicator values, v, and ¢, , respectively. The noise

and motion indicator values typically represent an area of the x-ray image which on the one
hand is large enough to be diagnostically relevant and on the other hand is of least quality with
respect to noise and motion in the x-ray image. Preferably, the noise and motion indicator
values are calculated as an average of the area in the respective histograms between the lower
5% and lower 10% percentiles. Furthermore, the image analysis system 2 is provided with a
calculator 52 which is coupled to the counting unit 6. The calculator derives the dose control
signal DCS from the lower 5% and lower 10% percentiles of the histograms. The dose control
signal is applied to the high-voltage generator 60 of the x-ray source. Furthermore, the
calculator 52 derives a camera control signal CCS which is applied to a control input of the
adjustable amplifier 30 so as to control the gain of the adjustable amplifier.

The dose control signal DCS and the camera control signal CCS are set such
that the camera gain is inversely proportional to the forthcoming dose. Furthermore, as the

motion indicator value does not change much from one instant of the x-ray image to the next
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instant (i.e. is,04.1=0; ), it follows from (4) that the forthcoming dose is related to the local

forthcoming value of the noise quantity as:

Viz (x)+ D,
[l-a, ()W (x)+ D,

vi2+1 (x)= D, &)

The dose control signal DCS is preferably set such that in substantially the entire x-ray image,
i.e. possibly apart from negligible isolated portions, a predetermined noise level is not
exceeded, provided that the (estimated) motion occurring in the x-ray image at the

forthcoming instant is similar, as compared to the present image, to the motion that occurred

between the present x-ray image and the previous x-ray image. Thus, for v (x) =v? and

o, (x) =¢a,, the forthcoming dose D;,; is set such that vﬁrl (x) =T ,where T denotes an

adjustable threshold that represents the acceptable noise level for the subsequent instant. Thus,
in this manner the local information as represented by the local values of the noise and motion
quantities are aggregated into a relation between the forthcoming dose value and the noise

threshold 7

i i+1 D 6
a-aw*+p,, ™ , ©

This relation is in fact a quadratic equation for the forthcoming dose D, ;,

parameterized by the threshold value 7. The forthcoming dose is easily derived from equation

(6):

DM=%[(T—\7?)+\/(T—Of)+4(1—&i)2T0?]. )

Hence, by setting a desired value for the forthcoming noise indictor value, the corresponding
forthcoming dose value is calculated by the calculator 52 by computing the forthcoming dose

value D;,; from the equation (7).
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CLAIMS:

1. An x-ray examination apparatus comprising
- an x-ray source for generating an x-ray image and
- an image analysis system
- for deriving brightness variations from the x-ray image, and
- for deriving a dose control si gnal dependent on said brightness variations in
order to control the x-ray source,
characterized in that
- the image analysis system is arranged to
- derive a distribution of said brightness variations and

- derive the dose control signal from the distribution of brightness variations.

2. An x-ray examination apparatus as claimed in Claim 1,
- comprising an image processor for deriving a processed image from the x-ray
image,
characterized in that
- the image analysis system is arranged to derive the brightness variations from

the processed image.

3. An x-ray examination apparatus as claimed in Claim 2,
characterized in that
- the image analysis system is arranged to
- derive the brightness variations from previous processed brightness values of

the processed image and present brightness values of the x-ray image.

4. An x-ray examination apparatus as claimed in Claim 1, 2 or 3,
characterized in that

- the image analysis system includes an arithmetic unit in order to

- compute a motion quantity as a decreasing function of the brightness

variations, and
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- the image analysis system includes a motion-counting unit in order to

- derive the distribution of brightness variations from said motion quantity.

5. An x-ray examination apparatus as claimed in Claim 4,
characterized in that
- the motion-counting unit is arranged to derive a histogram of values of the
motion quantity, and
- the image analysis unit includes a motion-calculator to derive a motion-
indicator value from the histogram of values of the motion quantity, and
- the image analysis system is arranged to derive the dose control signal from

the motion-indicator value.

6. An x-ray examination apparatus as claimed in Claim 4 or 5,
characterized in that
- the arithmetic unit is arranged to
- compute a noise level of brightness values of the processed image from a
noise level of previous brightness values of the processed image, the actual
setting of the x-ray source and the motion quantity, and to
- compute a noise quantity as a decreasing function of the noise level of
brightness values of the processed image, and
- the image analysis system includes a noise counting unit in order to

- derive the distribution of brightness variations from said noise quantity.

7. An x-ray examination apparatus as claimed in Claim 6,
characterized in that

- the noise counting unit is arranged to derive a histogram of values of the noise
quantity, and

- the image analysis unit includes a noise-calculator to compute a noise-
indicator value from the histogram of values of the noise quantity, and |

- the image analysis unit is arranged to derive the dose control signal from the

noise-indicator value.
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8. An x-ray examination apparatus as claimed in Claim 5,
characterized in that
- the motion-calculator is arranged to derive the motion-indicator value from
one or more lower percentiles of the histogram of values of the motion

quantity.

9. An x-ray examination apparatus as claimed in Claim 7,
characterized in that
- the noise calculator is arranged to derive the noise-indicator value from one or

more lower percentiles of the histogram of the noise quantity.

10. An x-ray examination apparatus as claimed in Claim 9,
characterized in that
- the image analysis unit includes a noise estimator to derive
- the noise level of forthcoming brightness levels of the processed image from
the noise indicator value and the motion indicator value, and
- a forthcoming dose value from the noise level of the forthcoming brightness
levels of the processed image, and
- the image analysis unit is arranged to derive the dose control signal from the

forthcoming dose value.
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