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TECHNICAL SCOPE        The present invention relates to a device for the
input and processing image        information comprising sensor elements
arranged in matrix form which are        integrally formed on a substrate.
Each sensor element comprises output  5    electronics and a photovoltaic
cell, which is adapted to convert an optical        signal, incident upon
the photovoltaic cell, into an electrical signal.          PRIOR ART
Two-dimensional image sensors, which take the form of integrated circuits,
10    are used in image processing. Each two-dimensional image sensor
compries        a number of sensor elements, for example 256 x 256 sensor
elements, which        must take up little surface area in order to
facilitate design as an integrated        circuit. Each sensor element
comprises a detector part which converts an optical        signal to an
electrical signal suitable for further processing. In order to obtain a 15
compact image sensor, it is important that the detector part take up as
little space        as possible, whilst at the same time it must naturally
produce a reliable result.  



A device for compensation of the image elements in a CCD camera, in which
a CCD sensor delivers unamplified and uncompensated image element values to
20    a common serial output, where amplification and compensation are
performed        centrally, is already known from US-A4 875 098. In certain
applications,        however, there may be a need for compensation and
parallel output of the image        in all image points, which problem is
not solved by the said device.  25    A device which combines photovoltaic
cell with output electronics in each sensor        element is already known
from the conference paper "Standard CMOS Active        Pixel Image Sensors
for Multimedia Applications" by A. Dickinson, B. Ackland,        El-Sayed
Eid, D. Inglis, and E. Fossum, which was presented at the "16th
Conference in Advanced Research in VLSI" at Chapel Hill, North Carolina, on
30    27-29 March. A disadvantage to this known device is that variations
in the        constituent electrical components give rise to so-called
offset errors, which        manifest themselves as a fixed pattern in the
output image. The said offset errors        are counteracted in columnar
compensation electronics, which means that the        image must be moved
from the sensor element before offset compensation can be 35    performed.
In certain applications, for example where there is processor capacity
in the sensor element, this transfer constitutes a disadvantage.          
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DESCRIPTION OF THE INVENTION.          The object of the present invention
is to provide a device for the input and          processing of image
information, which reduces the occurrence of disturbances          due to
offset in an output image.    5          This object is achieved by a
device according to the invention, which comprises          sensor elements
arranged in matrix form. Each sensor element in the device
according to the invention is adapted so that compensation of an offset
error in          the output electronics forming part of the sensor element
is performed in the   10    sensor element. The said offset compensation is
performed in each sensor          element independently of other sensor
elements in the device, in case different          control signals are used
for the various sensor elements.           With the design of sensor
element according to the invention the offset   15    compensation can be
performed locally in the sensor elements using a relatively          small
number of components.           DESCRIPTON OF FIGURES   20    Figure 1
shows a first embodiment of a sensor element according to the
invention.          Figure 2 shows a second embodiment of a sensor element
according to the          invention.          Figure 3 shows a third
embodiment of a sensor element according to the - 25    invention.
Figure 4 shows a fourth embodiment of a sensor element according to the 



invention.          Figure 5 shows a fifth embodiment of a sensor element
according to the          invention.   30    Figure 6 shows a sixth
embodiment of a sensor element according to the          invention.
PREFERRED EMBODIMENTS          The invention relates to offset compensation
in a sensor element which forms part   35    of a set of sensor elements
arranged in matrix form. All the sensor elements are          integrally
formed on a substrate and each comprise a photovoltaic cell and output
electronics, for example an amplifier or comparator. Because of offset in
the          output electronics in each sensor element and variations
between the offset error            WO 96/41464
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different output electronics, each sensor element is adapted for local
offset        compensation in the sensor element. Offset compensation in
one sensor element        can be performed independently of offset
compensation in other sensor elements in        the arrangement, in case
different control signals are used for each sensor element.  5    The
compensation is based on correlated double sampling. Sampling of a known 



compensation value is first performed during a first compensation stage,
and then        sampling of an unknown value during an image information
input stage. In the        examples of sensor elements shown in figures 1
to 6 a known value is sampled        with the reset switch and the unknown
value when the value of the output 10    electronics is outputted. Both
these values contain constant errors, here known        as offset. By
subtracting the known and unknown value, the constant errors can        be
eliminated.         The invention will now be further explained with
reference to the figures which 15   show a number of preferred embodiments
of a sensor element according to the        invention.         The sensor
element shown in figure 1 has two inputs, the first of which connects a
compensating voltage U[err] to a capacitor C by way of a first change-over
switch 1 20    and the second of which connects a reference voltage Uref to
the same capacitor C        by way of a second change-over switch 2. The
sensor element further comprises a        photodiode PD, the cathode of
which is connected to a known reference level, for        example earth.
The anode of the photodiode is connected to the output electronics
and to the said capacitor C at a node N[err]. In the case shown in figure
1, the output 25    electronics consist of a comparator 3 comprising two
cascade-connected field effect        transistors FET and a reset switch 4
in the form of a field effect transistor FET.         With the possible
connection to two different voltage levels shown in the figure,        a
compensation of an offset error in the comparator can be achieved in the
sensor 30    element. In a first compensation stage the said reset switch 4
is closed and the        compensating voltage U[err] connected. The charge
in the node N[err] is determined by        the offset of the comparator 3.
Once the capacitor C has been charged with the        compensating voltage,
the image information can be picked up by the sensor 



element. Before input of the image information commences, the compensating
35    voltage Uth is disconnected and the reference voltage Uref connected.
The charge        in node N[err] is varied in proportion to the difference
between the reference voltage        Uref and the compensating voltage
U[err], which difference can be precisely        determined through the
choice of the said reference voltage and compensating             WO
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voltage. When the photodiode is illuminated, this is discharged in
proportion to         the luminous intensity. The discharge time of the
capacitor C depends on the         current through the capacitor and once
compensation has been performed will         depend solely on the precision
of the capacitor C and the photodiode PD. Since  5    the capacitor C
constitutes a passive element, the variations between capacitors in
different sensor elements can be minimised.          Figure 2 shows a
second embodiment of a sensor element according to the         invention.
This sensor element differs from the sensor element shown in figure 1 10
in that a compensating voltage U[err] and a reference voltage U[err] are
directly         connected to the photovoltaic cell PD by way of a switch
S[err]. The said         photovoltaic cell is capacitively connected by way
of a capacitor C to the output 



electronics, which in this case consist of a comparator 3 with a reset
switch 4.  15    In a first compensation stage the compensating voltage
U[err] is connected, thereby         setting a starting condition for
charging in node N[err]. The compensating voltage         U[err] is
connected by the closing of a first change-over switch 1. After the node
N[err] has obtained a starting condition dependent on the compensating
voltage,         image information can be picked up by the sensor element.
Before input of the 20    image information commences, the change-over
switch 1 is opened so that the         compensating voltage U[err] is
disconnected. The reference voltage U[err] is         connected by closing
of the change-over switch 2 and closing of the switch S[err] for         a
brief interval. The voltage in N[err] is changed from the compensating
voltage U[err]         to the reference voltage Uref. The said voltage
change is transmitted by the 25    capacitor C to N[err]. When the switch
S[err] is opened, the charge in node N[err] is        discharged by the
photocurrent through the photodiode. The comparator 3        switches over
when the voltage in N[err] has returned to the compensating voltage
U[err]. The discharge time is influenced solely by the photodiode PD.  30
Figure 3 shows a third embodiment of a sensor element according to the
invention.        The sensor element shown comprises a comparator 3 with a
reset switch 4 and a        photodiode PD. In this embodiment use is made
of the capacitive characteristics        of the photodiode, which makes it
possible to eliminate the capacitor C shown in        figure 1. In the same
way as in the embodiment shown in figure 1, two different 35    voltage
levels are used in order to bring about the desired elimination of offset
errors in the comparator 3. In a first compensation stage the reset switch
4 is        closed and the compensating voltage U[err] is connected. The
charge in node N[err] is        determined by the offset of the comparator.
When the desired charge is attained in   
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node N[err], the compensating voltage U[err] is disconnected and the
reference voltage        U[err] connected. The reset switch 4 is opened and
it is possible to input the image        information. The charge in node
N[err] is corrected by [err]Q=(U[err]-U[err])C[err] as        in the
embodiment shown in figure 1 The discharge which is produced by  5
illumination of the photodiode in this case therefore depends solely on the
precision        of the photodiode. By using the capacitive characteristics
of the photodiode, the        capacitor C (according to figure 1) can be
eliminated, which may be of value        from the point of view of
space-saving. The method of offset compensation shown        does not,
however, give such complete offset compensation as in the embodiment 10
shown in figure 1, owing to the fact that the capacitance in the photodiode
is not        independent of the voltage over the diode.         Figure 4
shows a fourth embodiment of a sensor element which permits
compensation of offset. The sensor element shown comprises a comparator 5
with 15    a reset switch 4a, 4b, a capacitor C and a photodiode PD. The
comparator differs        somewhat from the comparator 3, described earlier
in connection with figures 1 to        3, but the problem with offset error
exists even for this type of comparator. In a        first compensation
stage in the sensor element, the reset switch 4a, 4b is closed and
the compensating voltage U[err] is connected. The charge in the nodes
N[err] and N[err] 



20    are determined by the switch-over point of the comparator 5. The
compensating        voltage Uth is then disconnected and the reference
voltage U[err] is connected. The        reset switch is opened and it is
possible to input the image information. The        charge in node N2 is
corrected by (U[err] - U[err])C. For the condition of the        comparator
to be changed an equally large change must occur on the comparator's 25
second input in node N[err]. This change is controlled by the current
through the        photodiode PD and, owing to the compensation shown, is
not affected by any        offset error in the comparator 5.         Figure
5 shows a further embodiment of a sensor element with local compensation 30
of offset. In the sensor element shown a type of comparator 5 is used which
is        similar to the embodiment shown in figure 4. In addition to the
comparator 5, the        sensor element comprises a reset switch 6, a
capacitor C and a photodiode PD.        A first compensation stage is
performed in the sensor element, as described for        previous
embodiments, by the connection of a compensating voltage U[err]. In an 35
input stage the reset switch 6 is opened and the reference voltage U[err]
is connected         for a brief interval. At that moment the charge in
node N[err] is corrected by (U[err] -         U[err])C[err] where C[err] is
the total capacitance in node N[err], which is essentially            WO
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6        dependent on the capacitance of the photodiode PD. The discharge
time in this        case depends on the precision of the photodiode.
Finally, in the sensor element shown in figure 6 a photoresistor R[err] is
used for  5    converting optical information to an electrical signal. In a
compensation stage        a reset switch 2 is closed and a reference
voltage U[err] is connected. The charge        in node N[err] is determined
by the comparator's switch-over point, that is its offset.        In an
image information input stage the reset switch is opened and U[err] is
disconnected. The charge in node N[err] is corrected as a function of the
voltage 10    division between the resistors R[err] and R[err]. The
comparator switches over as a        function of the polarity of the
charge.         The embodiments described above represent some examples of
sensor elements        with local compensation of offset. The invention,
however, is not limited to these 15    embodiments described, other sensor
elements with local offset compensation also        being possible within
the scope of the idea of the invention.            WO 96/41464
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CLAIMS         1. Device for the input and processing of image information
comprising sensor            elements arranged in matrix form, which are
integrally formed on a substrate            and which each comprise output
electronics (3,5) and at least one photovoltaic            cell
(PD,R[err]), which is adapted to convert an optical signal incident upon
the 5       photovoltaic cell into an electrical signal, characterised in
that            - each sensor element is adapted to perform compensation of
an offset error in            the output electronics (3,5) forming part of
the sensor element,            -each sensor element is adapted to perform
the said offset compensation            independently of the other sensor
elements in the device. 10        2. Device according to claim 1,
characterised in that the said sensor element is            adapted for
correlated double sampling of one known and one unknown value.         3.
Device according to any of the preceding claims, characterised in that the
15       sensor element comprises two change-over switches (1,2) which are
adapted to            control the connection of two different reference
voltages (Uth, Uref) to the            sensor element.    


