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(57) Abstract

An image pick-up apparatus (1) which includes an image sensor (2) is provided with a control circuit (4) arranged to read out the
image sensor with a given delay after the picking up of a light image. Incident light is prevented from disturbing an image picked up during
read-out in that reading out commences after the light intensity of the light image has vanished. Notably the disturbing of the picked-up
image during read-out due to afterglow of a phosphor layer (25) on which the light image is formed is conteracted.




applications under the PCT.
AT Austria

AU Australia

BB Barbados

BE Belgium

BF Burkina Faso
BG Bulgaria

BJ Benin

BR Brazil

BY Belarus

CA Canada

CF Central African Republic
CG Congo

CH Switzerland

Cl Cote d'Ivoire
CM Cameroon

CN China

Cs Czechoslovakia
CZ Czech Republic
DE Germany

DK Denmark

ES Spain

FI Finland

FR France

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemnational

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




10

15

20

25

WO 96/16510 PCT/IB95/00862

Image pick-up apparatus.

The invention relates to an image pick-up apparatus which comprises an
image sensor for converting a light image into an electronic image and a control circuit for
switching the image sensor between image pick-up and image read-out, which light image is
formed during an image period succeeded by an afterglow period during which a light
intensity of the light image decreases.

The invention also relates to a method for converting such a light image
into an electronic image by by means of an image sensor and for switching the image sensor
to image read-out in order to read out the electronic image as an electronic image signal.

An image pick-up apparatus of this kind is used, for example for picking
up a series of light images of an object or a series of light images on an exit window of an
X-ray image intensifier which are derived from a series of X-ray images formed by
irradiation of an object by means of pulsed X-rays. In the context of the present invention a
light image is to be understood to mean an image consisting of visible light, but also an
image consisting of ultraviolet or infrared radiation.

An image pick-up apparatus of this kind is known from United States
Patent US 4,604,992.

The conventional image pick-up apparatus described therein utilizes an
image sensor which is known per se. This image sensor comprises light-sensitive sensor
elements which convert light incident on the image sensor during image pick-up into an
electronic image of charge packets having an electric charge corresponding to the intensity of
the incident light. When the image sensor is read out, the charge packets are transported to a
read-out register and converted into an electronic image signal. The known image pick-up
apparatus comprises a mechanically movable shutter whereby the sensor elements are
shielded from incident light during the reading out of the electronic image. The shutter is
open during image pick-up so that incident light can reach the sensor elements. The shielding
of the sensor elements ensures that the electronic image will not be disturbed by light
incident during reading out. It is notably when a light image is picked up from a phosphor
layer on, for example an exit window of an X-ray image intensifier, that, if no steps are

taken, the electronic image is liable to be disturbed by afterglow of the phosphor; during
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image read-out light is then absorbed as yet in the sensor elements and converted into an
electric charge.

The mechanically movable shutter of the known image pick-up apparatus
can be opened and closed at a comparatively low speed only, so that the known image pick-
up apparatus is not suitable for picking up a succession of images at a high image rate, for
example more than 10 images per second, without disturbances. Furthermore, the known
image pick-up apparatus comprises a mechanical drive mechanism for the shutter which is
complex, expensive and susceptible to wear.

An object of the invention to provide an image pick-up apparatus which is
suitable for picking up a series of images at a high image rate and in which the disturbing of
picked-up images by light incident on the image sensor is counteracted.

To this end, an image pick-up apparatus in accordance with the invention
is characterized in that the control circuit is arranged to generate an image read-out signal
which indicates a nearly vanishing light intensity at an end of the afterglow period and to
switch the image sensor to image read-out by way of said image read-out signal.

Because in an image pick-up apparatus in accordance with the invention
image read-out commences only after the light intensity of the light image being picked up
has nearly vanished, hardly any or no light will be incident on the sensor elements of the
image sensor during the reading out of the electronic image, thus avoiding the disturbing of
the electronic image by light incident during the reading out, for example due to afterglow of
a phosphor layer on the exit window of an X-ray image intensifier on which the light image
derived from an X-ray image is formed. In an image pick-up apparatus in accordance with
the invention it is ensured notably that the electronic image is not smeared when it is read
out line-by-line. Furthermore, the image pick-up apparatus in accordance with the invention
does not require a mechanically movable shutter, because the control circuit ensures that the
image sensor is not read out for as long as the image sensor is still being illuminated.

The image sensor comprises a matrix of rows and columns with a large
number of light-sensitive sensor elements, each of which is constructed, for example as a
metal-oxide-semiconductor (MOS) photodiode. During image pick-up, an electric pick-up
voltage is applied to gate electrodes of the photodiodes, which pick-up voltage sets the
photodiodes to a depletion state so that so that the photodiodes collect electric charge carriers
released by absorption of light. In order to read out the electronic image consisting of the
collected electric charges, read-out voltages are applied to gate contacts of successive rows of

sensor elements in order to transfer the collected electric charges to a read-out register in
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order to form an electronic image signal from the charges by means of an amplifier. In the
image pick-up apparatus in accordance with the invention switching over from image pick-up
to image read-out takes place by changing the electric voltages applied to the gate contacts;
the switching time required for changing over is short, for example a few microseconds. The
read-out time, being the time required to read out an electronic image, is proportional to the
number of sensor elements and amounts to, for example 20 ms in the case of an image
sensor comprising 1000 x 1000 sensor elements. The exposure time, during which an
electronic image is derived from a light image, amounts to from a few ms to 10 ms.

A fast phosphor having an afterglow period of approximately 3 ms can be
used on the exit window in X-ray image intensifiers, but it is also very well possible to use
phosphors having an even shorter afterglow period, for example less than 1 ms. The image
pick-up apparatus in accordance with the invention is suitable for picking up a series of light
images from the exit window of an X-ray image intensifier at a high image rate, for example
many dozens of images per second, without the electronic images formed from the light
images being disturbed by light incident during reading out.

A preferred embodiment of an image pick-up apparatus in accordance
with the invention is characterized in that the image pick-up apparatus comprises an auxiliary
light detection system for deriving a light intensity signal from the light intensity of the light
image, and that the control circuit is arranged to generate the image read-out signal in
dependence on the light intensity signal.

The auxiliary light detection system comprises a photosensor which
derives a light intensity signal from the light image picked up, which light intensity signal
represents the light intensity of said light image. On the basis of the decrease of the light
intensity of the light intensity signal the control circuit establishes the end of the afterglow
period, or it establishes the end of the image period on the basis of the saturation of the light
intensity. In conformity with the established end of the afterglow period or of the image
period, the control circuit applies the image read-out signal to the image sensor in order to
commence the reading out of the image after expiration of the afterglow period.

A further preferred embodiment of an image pick-up apparatus in
accordance with the invention is characterized in that the control circuit is provided with a
delay circuit in order to apply the image read-out signal to the image sensor with a delay
after the reception of a stop signal indicating the end of the image period.

The end of the image period of the light image picked up is signalled by

means of a stop signal received by the delay circuit. The delay circuit ensures that after a
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waiting period the image read-out signal is applied to the image sensor in order to switch the
image sensor to image read-out. Because the image sensor is switched to image read-out only
after a waiting period after the end of the image period of the light image picked up, the
disturbing of the electronic image is counteracted because image read-out is performed when
no light which could disturb the electronic image is incident on the sensor elements.

The waiting period at least equals the duration of the afterglow period and
can be determined, for example empirically in dependence on various circumstances in which
light images are generated.

It is a further object of the invention to provide an X-ray examination
apparatus for forming an X-ray image on an entrance screen of an X-ray image intensifier by
irradiating an object by means of an X-ray beam emitted by an X-ray source, which
apparatus is suitable for forming a series of successive X-ray images at a high image rate and
for converting these images into electronic images, the disturbing of successive electronic
images by light incident on the image sensor during the reading out of an electronic image
being counteracted as well as possible.

Said further object of the invention is achieved by providing an X-ray
examination apparatus with an image pick-up apparatus in accordance with the invention for
picking up a light image which is derived from the X-ray image on an exit window of the X-
ray image intensifier.

A preferred embodiment of an X-ray examination apparatus comprises an
image pick-up apparatus in accordance with the invention for picking up a light image
derived from the X-ray image on an exit window of the X-ray image intensifier, the X-ray
source being coupled to an input of the control circuit in order to apply the stop signal to the
control circuit at the end of an X-ray pulse. At the end of an X-ray pulse the X-ray source
applies the stop signal to the control circuit of the image pick-up apparatus. For example, the
stop signal is supplied by the high-voltage power supply of the X-ray source. The end of the
X-ray pulse corresponds to the end of the image period of a light image derived therefrom on
the exit window of the X-ray image intensifier. In an X-ray examination apparatus in
accordance with the invention, image read-out commences a short or longer waiting period
after the end of the X-ray pulse, so that the electronic image formed cannot be disturbed, for
example by afterglow of the phosphor layer. Because the image pick-up apparatus can be
switched between image pick-up and image read-out within a very short period of time, the
X-ray examination apparatus is capable of forming a series of X-ray images at a high image

rate without the diagnostic image quality of the electronic images formed from the X-ray
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images being degraded during the reading out of the image sensor, for example by afterglow
of the phosphor layer.

It is also an object of the invention to provide a method which is suitable
for picking up a series of images at a high image rate by means of an image pick-up
apparatus provided with an image sensor and which ensures that light incident on the image
§ensor cannot disturb images picked up. To this end, a method in accordance
with the invention is characterized in that an image read-out signal is generated which
indicates a nearly vanishing light intensity at an end of the afterglow period, the image
sensor being switched to image read-out by said signal.

The disturbing of the picked up electronic image during reading out, for
example smearing of the image, is counteracted in that the electronic image is read out only
when the image sensor is no longer illuminated.

These and other aspects of the invention will be apparent from and
elucidated with reference to the accompanying drawings and the embodiments described
hereinafter.

In the drawings:

Fig. 1 is a diagrammatic view of an image pick-up apparatus in
accordance with the invention;

Fig. 2 is a graphic representation of the control of the image pick-up
apparatus in accordance with the invention, and

Fig. 3 is a diagrammatic representation of an X-ray examination apparatus
comprising an image pick-up apparatus in accordance with the invention.

Fig. 1 shows diagrammatically an image pick-up apparatus 1 in
accordance with the invention, comprising an image sensor 2 which operates with a clock
generator 3 and a control circuit 4. The image sensor 2 comprises a large number of light-
sensitive sensor elements 5, for example in the form of charge-coupled MOS photodiodes,
each of which comprises a gate electrode 6. For the sake of simplicity, the drawing shows
only a 3 x 3 matrix of light-sensitive sensor elements, but in practice a much larger matrix,
for example a matrix comprising 1000 x 1000 light-sensitive sensor elements, can be used so
as to pick up images with a high spatial resolution. In order to pick up an incident light
image, a row drive circuit 7, being coupled to the gate electrodes 6 by way of control lines 8
per row, applies an electric pick-up voltage to the gate electrodes 6 in order to adjust the
photodiodes to a depletion state so that absorption of light incident on the photodiodes, for

example visible light or infrared or ultraviolet radiation, releases charge carriers in the
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semiconductor material which are collected in the light-sensitive sensor elements. The
collected charge packets constitute an electronic image, the charges of each of the charge
packets corresponding to the accumulated amount of light incident on the relevant sensor
element. In order to read out the electronic image picked up, the row drive circuit 7 applies
a read-out voltage to the control lines 8 of successive rows, the collected charges being
transferred to a read-out register 9 under the influence of said read-out voltage, after which
they are applied to a preamplifier 10 which forms an electronic image signal from the
charges. The electric pick-up and read-out voltages applied to the gate electrodes are selected
by means of the control circuit 4 and the clock generator 3 synchronizes the successive
application of the electric read-out voltages to successive rows and the reading-out of the
read-out register 9.

Fig. 2 is a graphic representation of the control of the image pick-up
apparatus in accordance with the invention. In a diagram a the light intensity I of successive
light images, for example formed on the phosphor layer of the exit window of an X-ray
image intensifier tube, is plotted along a time axis. At the instant t, the image period of a
first light image commences, for example in that an X-ray source is switched on and an X-
ray image is formed on the entrance screen of the X-ray image intensifier, which X-ray
image is converted into said first light image on the exit window. The light intensity initially
increases until a saturation level is reached and as from an instant t,, being the end of the
image period, the light intensity of the first light image decreases during the afterglow
period, for example in that the X-ray source is switched off at t,. Because of the afterglow of
the phosphor, some time will elapse, up to the instant t; which is the end of the afterglow
period, until the light intensity has nearly vanished. At a later instant t, the image period of a
second light image on the exit window commences, so that the light intensity increases again
until the end of the image period of the second image at the instant t;, after which the light
intensity decreases due to afterglow of the phosphor. Diagram b shows, plotted along the
time axis, the periods during which the pick-up voltage is applied to the image sensor.
During the image periods [t,, t,] and [t,, ts] an electric pick-up voltage V, is selected by the
control circuit 4 and applied to the gate electrodes 6 by the row drive circuit 7, by way of
the control lines 8, in order to set the photodiodes to a depletion state. For as long as the
electric pick-up voltage V, is applied, electric charges released by the incident radiation are
integrated in the light-sensitive sensor elements. The integration time t,, = t,-t, amounts to,
for example from 1 to 10 ms, depending on the light intensity. The integration time is

dependent on the technique used to pick up the X-ray image; for example, fluoroscopy
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produces light images of low light intensity on the exit window, whereas light images of high
light intensity are formed in the case of X-ray exposures using a higher X-ray dose. The
afterglow time (7° = t; - t;), being the duration of the afterglow period, of the phosphor may
amount to approximately 3 ms when a fast phosphor is used in the X-ray image intensifier;
however, it is also very well possible to use phosphors having an even shorter afterglow
time, for example shorter than one millisecond. In order to integrate more charge carriers,
integration may be continued in the afterglow period by continuing the application of the
electric pick-up voltage for the first image until an instant t,’, situated between t, and t;, and
analogously until an instant t;* for the second image. Diagram ¢ shows, plotted along the
time axis, the periods during which the read-out voltage is applied to the image sensor. The
control circuit 4 selects an electric read-out voltage V, and, under the control of the clock
generator 3 with the row drive circuit 7 and the control lines 8, this voltage is successively
applied, in the form of clock voltages, to rows of gate electrodes in order to transfer the
charges row-by-row to the read-out register 9. The control circuit switches the image sensor
to image read-out by applying the electric read-out voltage to the image sensor after the light
intensity of an image pick-up has nearly or completely vanished. To this end, an input
terminal 34 of the control circuit receives the stop signal indicating the end of the image
period of a light image and after a waiting period which is slightly longer, for example 9,
than the afterglow period, after reception of the stop signal, the control circuit supplies the
image read-out signal in order to switch the image sensor to image read-out. After the
picking up of the first image, the image sensor is switched to image read-out at an instant
which is coincident with or very slightly later (8) than t,, so that the afterglow of the
phosphor has ceased when image read-out commences; consequently, during image read-out
the electronic image picked up is not disturbed by incident light. When the first image has
been read, if desired the control circuit can switch the image sensor to image pick-up again,
so that the image sensor is ready again for picking up a next image, for example the second
image whose light intensity starts to increase at the instant t,. The read-out time 7 required to
read out the image sensor is approximately proportional to the number of sensor elements of
the image sensor; in the case of 1000 x 1000 sensor elements, 7 amounts to approximately 20
ms and in the case of 500 x 500 sensor elements it amounts to approximately 5 ms. The time
required for picking up and reading out an image by means of the image pick-up apparatus in
accordance with the invention equals t,,+7’+&+7 and hence amounts to approximately from
7 ms to 33 ms, so that the image pick-up apparatus is suitable for operation with an image

rate of 30 images per second or even for operation with a high image rate of more than 100
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images per second.

Fig. 3 is a diagrammatic representation of an X-ray examination apparatus
40 comprising an image pick-up apparatus in accordance with the invention. By irradiating
an object 20, for example a patient to be examined, by means of an X-ray beam 22 emitted
by an X-ray source 21, an X-ray image is formed on an entrance screen 23 of an X-ray
image intensifier 24 as a result of differences in absorption within the patient; this results in
a light image on a phosphor layer 25 provided on an exit window 26 of the X-ray image
intensifier. Via an optical coupling 27, for example a lens system, the light emitted by the
phosphor layer is imaged on the image sensor 2 of the image pick-up apparatus 1 arranged
opposite the exit window. The light image on the phosphor layer is converted into an
electronic image signal by the image sensor, and an amplifier 28 derives therefrom a video
signal which is applied to a monitor 31 on which the image information contained in the
video signal is visualized. The video signal may alternatively be applied to an image
processing unit 32 for further processing.

The X-ray source 21 is driven by a high-voltage power supply 33 which
applies the stop signal to the input terminal 34 of the control circuit when the X-ray source is
switched off. Another stop signal or an additional stop signal is supplied by an auxiliary light
detection system 35 which comprises a photosensor 36 which measures the light intensity of
the phosphor layer and supplies a light intensity signal. The stop signal from the auxiliary
light detection system is formed when the light intensity signal reaches a value which
corresponds to the saturation of the light intensity at the end of the image period of the light
image. The image read-out signal is derived from the stop signal from the auxiliary light
detection system 35 and/or from the high-voltage power supply 33, so as to be applied to the
input terminal of the control circuit which switches over the image sensor from image pick-
up to image read-out via a delay circuit 35 with a delay amounting to approximately 7’ +36.

Alternatively, the control circuit 4 may be arranged to detect that the light
intensity signal reaches a value which indicates near vanishing of the light intensity at the end
of the afterglow period and to apply the image read-out signal to the image sensor to
commence the image read-out, on the basis of such a detection.

An X-ray examination apparatus comprising a plurality of, for example two X-ray sources
for irradiating a patient to be examined from different directions comprises a plurality of
image intensifier pick-up chains. An X-ray image intensifier tube is then arranged opposite
each X-ray source. Each of the image intensifier pick-up chains comprises an image pick-up

apparatus in order to pick up X-ray images relating to different projections. Such a so-called
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biplane X-ray system is preferably used for cardiovascular examinations. In such a biplane
X-ray system it is advantageous to provide an image pick-up apparatus in accordance with
the invention for one projection direction with a control circuit which is arranged to generate
an image read-out signal which indicates a nearly vanishing light intensity of a light image on
the exit window of an X-ray image intensifier for another projection direction. This image
read-out signal is used to switch the image sensor of the relevant image pick-up apparatus to
3 read-out mode so that the image being read out is not disturbed by afterglow of a light
image relating to another projection direction. Cross-talk between image information of
different projection directions is counteracted by commencing the image read-out only after
near vanishing of the light intensity of one or more light images relating to other projection

directions.
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CLAIMS:

1. An image pick-up apparatus (1), which comprises

- an image sensor (2) for converting a light image into an electronic image, and

- a control circuit (4) for switching the image sensor between image pick-up and
image read-out,

- which light image is formed during an image period succeeded by an
afterglow period during which a light intensity of the light image decreases,
characterized in that the control circuit (4) is arranged

- to generate an image read-out signal which indicates a nearly vanishing light
intensity at an end of the afterglow period, and

- to switch the image sensor (2) to image read-out by way of said image read-

out signal.
2. An image pick-up apparatus (1) as claimed in Claim 1, characterized in
that

- the image pick-up apparatus (1) comprises an auxiliary light detection system
(35) for deriving a light intensity signal from the light intensity of the light image, - and

that the control circuit (4) is arranged to generate the image read-out signal in dependence on
the light intensity signal.

3. An image pick-up apparatus (1) as claimed in Claim 1, characterized in
that the control circuit (4) is provided with a delay circuit (37) in order to apply the image
read-out signal to the image sensor (2), with a delay after the reception of a stop signal
indicating the end of the image period.

4, An X-ray examination apparatus (40) for forming an X-ray image on an
entrance screen (23) of an X-ray image intensifier (24) by irradiating an object (20),
arranged between an X-ray source (21) and the X-ray image intensifier (24), by means of an
X-ray beam (22) emitted by the X-ray source (21), characterized in that the X-ray
examination apparatus (40) comprises an image pick-up apparatus (1) as claimed in Claim 1
or 2 for picking up a light image which is derived from the X-ray image on an exit window

(26) of the X-ray image intensifier (24).
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5. An X-ray examination apparatus (40) for forming an X-ray image on an
entrance screen (23) of an X-ray image intensifier (24) by irradiating an object (20),
arranged between an X-ray source (21) and the X-ray image intensifier (24), by means of an
X-ray beam (22) emitted by the X-ray source (21), characterized in that
_ - the X-ray examination apparatus (40) comprises an image pick-up apparatus
(1) as claimed in Claim 3 for picking up a light image which is derived from the X-ray
image on an exit window (26) of the X-ray image intensifier (24), and

- the X-ray source is coupled to an input of the control circuit in order to
supply the control circuit (4) with the stop signal at the end of an X-ray pulse.
6. A method of converting a light image into an electronic image signal by
means of an image pick-up apparatus (1) provided with an image sensor (2),

- which light image is formed during an image period succeeded by an
afterglow period during which a light intensity of the light image decreases,

- the light image being converted into an electronic image in the image sensor
),

- the image sensor (2) is switched to image read-out in order to read out the
electronic image as an electronic image signal,
characterized in that

- an image read-out signal is generated which indicates a nearly vanishing light
intensity at an end of the afterglow period,

- the image sensor (2) being switched to image read-out by said image read-out

signal.
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