Acquiring and displaying images in real-time

FIELD OF THE INVENTION

The invention relates to an imaging device for, and a method of acquiring and
displaying images in real-time. The invention further relates to a helmet, a head mount, a rifle
sight or a handheld device comprising the imaging device set forth.

Direct view systems are imaging devices in which images are acquired by an
imaging component and then provided to a user in real-time by a display component. In such
. direct view systems, there may be a time difference between the accjuisition of an image and -
the display of the image. This time difference is typically referred to as latency. Examples of
direct view systems are night vision devices and telescopic viewing devices.

Latency is mostly undesirable, particularly when the direct view system 1s
intended for portable use. A reason for this is that the user may be moving when using the
direct view system. The latency may causc the user to perceive different motion through the
display component than through the user’s other scnses of motion, e.g., the user’s vestibular
system. If the latency, and consequently the mismatch between the perceived and otherwise
experienced motion is too high, the user may experience nausea or motion sickness.

Many direct view systems are predominantly optical or opto-electronical
based. For example, a night vision device may comprise optics and an image intensifier tube
as imaging component and a phosphor screen as display component. During operation,
photons from a low light level scene are converted into photoelectrons, multiplied by the
image intensifier tube and finally accelerated towards the phosphor screen for their
conversion back into visible light. The latency of such a direct view system is typically a few
milliseconds as defined by the decay of the phosphorous screen, which is sufficiently low to

avoid the user cxperiencing motion sickness during portable use.

BACKGROUND OF THE INVENTION

It may be desirable to have a direct view system in which the image is
intermediately available in digital form, i.e., being represented in a digital signal domain.
This may allow the dircct view system to cmploy digital signal processing to improve the

image’s quality, to overlay relevant information onto the image, etc. Such a direct view
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system may use a semiconductor sensor for acquiring an image, a signal processor for

processing the image and an electronic display for displaying the image.

SUMMARY OF THE INVENTION

The overall latency of such a digital signal domain based direct vicw system
may be relatively high. Disadvantageously, a user may experience motion sickness during
portable use of such a dircct view system.

It is an object of the invention to provide an imaging device for, and a method
of acquiring and displaying images in real-time with a reduced latency, with the image being
intermediately available in digital form for allowing signal processing.

According to the invention, this object is realized in that imaging device is
provided for acquiring and displaying images in real-time, the imaging device comprising 1)
an imaging sensor comprising a radiation sensitive array for acquiring an imagg, ii) a rcadout
circuit connccted to the radiation sensitive array for reading out the image, 1ii) a signal
processor for processing the image for obtaining a processed image, and iv) adisplay for
displaying the processed image, the radiation sensitive array being arranged in rows of sensor
pixels and the display being arranged in rows of display pixels, and wherein the readout
circuit 15 a rolling shutter circuit for sequentially reading out the rows of sensor pixels for
sequentially providing subsets of pixels, the signal processor is configured for, on availability
of one of the subsets of pixels, processing the subset of pixels for providing a processed
subset of pixels, and the display is configured for, on availability of the processed subset of
pixels, displaying the processed subset of pixels on a thercto corresponding subsct of display
pixels for displaying the processed image sequentially on the rows of display pixels.

In a further aspect of the invention, a helmet, head mount, rifle sight or
handheld device 1s provided comprising the imaging device set forth.

In a further aspect of the invention, a method is provided of acquiring and
displaying images in real-time with an imaging device, the imaging device comprising i) an
imaging sensor comprising a radiation sensitive array for acquiring an image, ii) a readout
circult connected to the radiation sensitive array for reading out the image, i11) a signal
processor for processing the image for obtaining a processed image, and 1v) a display for
displaying the processed image, the radiation sensitive array being arranged in rows of scnsor
pixels and the display being arranged in rows of display pixels, and wherein the method
com”prises sequentially reading out the rows of scnsor pixcls with the readout circuit for

sequentially providing subsets of pixels, on availability of one of the subsets of pixels,



processing the subset of pixels with the signal processor for providing a processed subset of
pixels, and on availability of the processed subset of pixels, displaying the processed subset
of pixels with the display on a thereto corresponding subset of display pixels for displaying

the processed image sequentially on the rows of display pixels.

In a further aspect of the invention, a computer program is provided that is
stored on a computer-readable medium, the computer program comprising instructions for
causing a processor system to perform the method set forth.

The measures according to the invention provide an imaging device for
acquiring and displaying images in real-time, i.¢., a direct view system, and a method of
operating the imaging device. Here, real-time refers to a user using the imaging device to
view images of a scene that reflect the current scene as closely as possible in time. The
imaging device comprises an imaging sensor, €.g., a semiconductor sensor such as a
Complementary Metal-Oxide—Semiconductor (CMOS) sensor. The imaging sensor is used to
convert radiation emitted or reflected from a scene into a digital representation of the scene,
i.e., an image, For that purpose, the imaging sensor comprises a radiation sensitive array that
is arranged in rows of sensor pixels. The imaging device further comprises a readout circuit,
i.e., a circuitry that reads out the image from the radiation sensitive array by addressing and
subsequently reading out the image from the rows of sensor pixels. The imaging device
further comprises a signal processor that is configured for processing the image acquired
from the imaging sensor using digital signal processing. As a result, a processed image is
provided, that is then displayed on a display. The display is arranged in rows of display
pixels. As such, the rows of display pixels are used to display the image thal is acquired by
the corresponding rows of sensor pixels of the radiation sensitive array.

The imaging device 1s contigured for reducing a latency between the image
being acquired and the processed image being displayed. For that purpose, the readout circuit
is a rolling shutter circuit. Rolling shutter is also known as linc scan, and refers to a manner
of reading out of the radiation sensitive array in which the rows of sensor pixels are read out
sequentially, i.e., one row after each other, or a subset of rows after cach other. As a
consequence, the rows or subset of rows that have been read out correspond to different
points in time. As a result of the reading out of the rows of sensor pixels, the rolling shutter
circuit sequentially provides subsets of pixels to the signal processor. In turn, the signal
processor, upon receiving, a subset of pixels, processes the subset of pixels, and then provides
a result of the processing, i.e., a processed subset of pixels, to the display. Each processed

subset of pixels is then displayed by the display on a thereto corresponding subsct of display



pixels. Thus, the rows of sensor pixels are sequentially read out to provide a sequence of
subsets of pixels, with a subsct of pixels being processed after receipt by the signal processor
and being displayed after reccipt by the display.

1t will be appreciated that the invention refers to reading, processing and
displaying of rows of pixels. A reason for this is that sensors and displays are commonly
read-out or written-to in a row-bascd manncr. Howc?cr, it will be appreciated that the present
invention is equally applicable to the reading, processing and displaying of columns of pixels,
e.g., a reading circuit may be arranged for sequentially reading out columns of sensor pixels.

The invention is partially based on the recognition that in traditional direct
view systems, a so-termed snapshot mode is used for reading out the image from the
radiation sensitive array. Here, the entire image is first read out and stored in a frame buffer
memory, and only when the entire image has been stored, the image is processed and
subscquently displayed in its entirety. Disadvantageously, the latency introduced by storing
the image in a frame buffer before or during the processing may cause a user to experience
motion sickness during portable use of the direct view system.

The effect of the aforementioned measures is that the imaging device is
configured for displaying a subsct of pixels on a subset of display pixels as soon as possible
after the corresponding subset of sensor pixels has been read out. Thus, the imaging device is
configured for directly providing each portion of the image that has been read out, i.e., each
subsct of pixels, to the signal processor and subsequently each processed portion to the
display. As a result, the overall latency of the imaging device is reduced. Advantageously, the
latency of the imaging device is sufficiently reduced for avoiding a user experiencihg motion
sickness during portable usc of the imaging device.

Optionally, the imaging device comprises a further imaging sensor and a
further rcadout circuit, the further imaging scnsor comprising a further radiation sensitive
array for acquiring a further image, the further recadout circuit being connected to the further
radiation sensitive array for reading out the further image, the further radiation sensitive array
being arranged in rows of further sensor pixels, the further readout circuit being a further
rolling shutter circuit for sequentially reading out the rows of further sensor pixels for
sequentially providing further subsets of pixels, and wherein the imaging device is
configured for synchronously displaying the image and the further image on the display by
the rolling shutter circuit and the further rolling shutter circuit being configured for
synchronously providing the subset of pixels and one of the further subsets of pixels by

substantially synchronously rcading out corresponding portions of the image and the further



image, and the signal processor being configured for, on availability of the subset of pixels
and the lurther subset of pixels, combining the subset of pixels with the further subset of
pixels for obtaining the processed subset of pixels.

The imaging device is configured for synchronously displaying the image and
a further image on the display. For acquiring the further image, the imaging device comprises
a further imaging sensor. In order to synchronously provide corresponding portions of both
images to the signal processor for processing and subsequent dispfay, the rolling shutter
circuit and the further rolling shutter circuit are configured for substantially synchronously
reading out the corresponding portions of the image and the further image. As a result, the
subset of pixels and the further subset of pixels are provided synchronously.

The effect of the aforementioned measures is that the imaging device is
configured for acquiring and displaying two images simultaneously while at the same time
also reducing the latency between said acquiring and displaying. Advantageously, fewer
bU’ffer memories are needed in the imaging device, as there is less or no need for
compensating for a mismatch in a timing of portions of thc image and portions of the further
image becoming available for subsequent processing and display. Consequently, the cost
and/or the complexity of the imaging device is reduced.

Optionally, the imaging sensor is a visible light imaging sensor for sensing
visible light and the further imaging sensor is a thermal imaging sensor for sensing infrarcd
radiation for enabling synchronouslty displaying a visible light image and a thermal image on
the display. Advantageously, the imaging device simultancously acquires and displays the
visible light and the thermal radiation of a scene while providing a reduced latency.

Optionally, the signal processor is configured for combining the subset of
pixels with the further subset of pixels by fusing the subset of pixels with the further subset
of pixels for obtaining as the processed image an image fusion of the image with the further
image. Image fusion offers an intuitive way of combining two imagces, and in particular, two
related images of a same scene. Advantageously, the thermal radiation of a scene may be
visualized as colours overlaid over the visible light of a scene for offering an intuitive way of
displaying visible light and thermal radiation of a scene to a user.

Optionally, the radiation scnsitive array has a first spatial resolution, the
further radiation sensitive array has a second spatial resolution, the second spatial resolution
being lower than the first spatial resolution and the further rolling shutter circuit bcin'g

configured for reading out the further image with a second readout speed that is lower than a
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first rcadout speed of the rolling shutter circuit for enabling said synchronously providing the
subset of pixels and the further subsct of pixels.

The further rolling shutter circuit thus uses a lower readout speed to ensure the
synchronously providing of the corresponding portions of the image and the further image to
the signal processor. Adapting the readout speed is an efficient way of compensating for said
difference in spatial resolutions, as, c.g., a samce rcadout spced would typically require
frequent intermediate pausing of the reading out to ensure the aforementioned synchronicity.
Advantageously, a lower readout speed results in a lower power consumption of the further
rolling shutter circuit, and consequently, of the imaging device.

Optionally, the rolling shutter circuit is configured for reading out the image
with the first readout speed within an imaging frame time, and the further rolling shutter
circuit is configured for reading out the [urther image with the second readout speed within
the imaging frame time. The readout speeds are thus adapted to read the image and the
further image within the same imaging frame time. As a consequence, a ratio of the first
readout speed to the second readout speed equals the ratio of the first spatial resolution and
the sccond spatial resolution. Advantageously, no intermediate pausing of the reading out is
needed to ensure the aforementioned synchronicity.

Optionally, the rolling shutter circuit is clocked at a first pixel clock for
providing the first readout speed and the further rolling shutter circuit is clocked at a second
pixel clock for providing the second readout speed. The pixel clock of each rolling shutter
circuit is thus adapted to the needed readout speed. Advantageously, the lower pixel clock of
the further rolling shutter circuit results in a lower power consumption.

Optionally, the imaging device comprises a scaler for spatially scaling the
further subset of pixcels for providing as the further image a scaled image having the first
spatial resolution. A scaler provides an cfficicnt way of adjusting the spatial resolution of the
further image to the spatial resolution of the image. Advantageously, the further rolling
shutter circuit may not need to compensate for the difference in spatial resolution by
providing the further subsct of pixels to a buffer, and the signal processor repeatedly reading
the same further subset of pixels from the buffer. Advantageously, the further image is
displayed with a better image quality, and in particular, with a better spatial definition of
edges. Advantageously, the further image may be overtaid on the image, with overlaid
portions of both images being associated with a same pa}rtion of a scene.

Optionally, the scaler is configured for performing the spatial scaling using at

least one technique out of the group of: pixel repetition, first order linear interpolation, higher



order lincar interpolation and non-lincar interpolation techniques. The aforementioned
interpolation techniques are particularly well-suited for spatial scaling.

Optionally, the signal processor comprises an image processing pipeline for
obtaining a pipelined processing of the subsets of pixels. Performing the image processing in
a pipelined manner, as is known from the technical ficld of processor design and architecture,
provides a processing higher throughput. Advantageously, the signal processor can accept
new subsets of pixels, or individual pixels of the new subset of pixels, in each clock cycle. .
Advantageously, less buffering is needed to cope with the signal processor being unablé to
accept new pixels due to being occupied with processing of previous pixels.

Optionally, the rolling shutter circuit is configured for reading out the image
with a first readout speed, and wherein the imaging device is configured for establishing the
first readout speed in dependence on an amount of radiation impinging on the radiation
sensitive array. By establishing the first readout speed in dependence on an amount of
radiation impinging on the radiation sensitive device, a trade-off can be established between a
needed exposure time of the radiation sensitive array, and a difference in acquisition between
a top portion of the imagc and a bottom portion, which results in so-termed skew effects.
Advantageously, the first readout speed can be increased if sufficient radiation is impinging
on the radiation sensitive array, thereby reducing said skew effects.

Optionally, the imagihg device comprises an image intensifier for providing
 intensified visible light to the imaging sensor. By using an image intensifier, the imaging
sensor is able to acquire an image in low light conditions with an improved signal-to-noise
ratio. An imaging device comprising an image inlensifier is typically also known as a night

vision device or low light level image intensifier.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects of the invention are apparent from and will be
elucidated with reference to the embodiments described hereinafter. In the drawings,
Fig. 1 shows a timing diagram of a direct view system;
Fig. 2 shows an imaging device comprising an imaging sensor;
Fig. 3 shows the imaging sensor and a display;
Fig. 4 shows a timing diagram of the imaging device;
Fig. 5 shows an alternate representation of the timing diagram of Fig. 4;
Fig. 6 shows an imaging device comprising a further imaging sensor;

Fig. 7 shows an imaging sensor and the further imaging sensor;



Fig. 8 shows a timing diagram of the imaging device;

Fig. 9 shows an imaging device comprising a scaler;

Fig. 10 shows a schematic functioning of a rcadout circuit;

Fig. 11 shows a method for acquiring and displaying images in real-time;

Fig. 12 shows a computer program stored on a computer-readable medium.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a timing diagram of a direct view system comprising a frame
buffer memory. Here, the horizontal axis is indicative of time, whereas the vertical axis is
used for visually differentiating between timings of a reading of an image, a processing of the
image and a displaying of the image. Here, SS) indicates a time period for reading an image
from an imaging scnsor. The reading SS; comprises storing the read image in a framce buffer
memory. In such a direct view system, processing takes only place when the imagc is entirely
stored in the frame buffer memory. Thus, after the reading SS, has completed, the direct view
system commences processing PP the image. Typically, portions of the image are read out
from the frame buffer memory, processed, and then written back to the frame buffer memory
or to a further frame buffer memory. Finally, after the processing PP, has completed, the
direct view system commences displaying DD, the image. Consequently, a time period
between a start TTy of the reading SS; of the image and a start TT, of the displaying DD of
the image indicates a minimum delay, or latency LL, that a user experiences between an
change in a scene and the displayed image reflecting said change.

For increasing a throughput of the dircct view system, the reading, processing
and displaying may be pipelined. This means that while the processing PP, of the image takes
place, a reading SS; of a following image may take place. Similarly, while the displaying
DD, of the image takes place, a processing PP2 of the following image may take place, ctc. It
is noted that such pipelining increases a throughput of the direct view system, i.c., allows a
system to read, process and display more images.in a given time period. However, said
pipelining does not affect the latency LL of the direct view system.

Fig. 2 shows an imaging device 100 for acquiring and displaying images in
rcal-time. The imaging device 100 comprises an imaging sensor |10, and the imaging sensor
110 compriscs a radiation scnsitive array 120 for acquiring an image 142, The imaging
device 100 further comprises a readout circuit 140 connected to the radiation sensitive array
120 for rcading out the image 142, and a signal processor 160 for processing the image 142

for obtaining a processed image 162. For that purpose, the rcadout circuit 140 15 shown to be
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connected to the signal processor 160. The imaging device 100 further comprises a display
180 for finally displaying the processed image 162 on the display 180.

Fig. 3 shows the imaging sensor 110 comprising the radiation sensitive array
120. Also shown is that the radiation sensitive array 120 is arranged in rows of sensor pixels
122. It is noted that, although not explicitly indicated in Fig. 3, the radiation sensitive array
120 is also arrangcd in columns of scnsor pixcls as a conscquence of being an array. Also
shown in Fig. 3 is the display 180 as a display pixcl array which is arranged in rows of
display pixels 182. It is noted that, although not explicitly indicated in Fig. 3, the display 180
is also arranged in columns of display pixels as a consequence of being an array. ’

During operation of the imaging device 100, the readout circuit 140
sequentially reads out the rows of sensor pixels 122 for sequentially providing a subset of
pixels 124. This reading is indicated in the timing diagrams shown in Figs. 4 and 5. Here, S,
indicates a time period for reading the image 142 from the imaging sensor 110. Fig. 4 shows
the time period in a similar manner as Fig. 1 for allowing a comparison with the
aforementioned direct view system. In Fig. 5, the horizontal axis is indicative of time,
whereas the vertical axis is indjcative of a row number, with R, indicating a top row of the
radiation sensitive array 120 and Ry indicating a bottom row. Thus, Fig. 5 shows the readout
circuit 140 reading out the row R, at the beginning of the time period S; and the row Ry at its
end. Consequently, during the reading S,, all rows R, to Ry are read out sequentially.

The above described reading S of the radiation sensitive array 120 is achieved
by the readout circuit 140 being a rolling shutter circuit. The rolling shutter circuit 140 differs
from a circuit configured for reading out the radiation sensitive array 120 using a snapshol
shutter. The basic operating principle of a rolling shutter circuit js that the radiation scnsitive
array 120 is addressed in a row-by-row, i.¢., on a line-by-line basis for 1) initializing an
exposure of a row and i1) reading out its contents after said cxposure. This is typically
achieved by the use of two pointers, cach addressing respective rows in the radiation
sensitive array 120. One pointer provides a reset of a currently addressed row for initializing
an exposure of the row, whereas the other pointer addresses a row that is to be read out. The
difference in location between the two pointers is the cffective exposure time, i.¢., if the
‘reset’ pointer trails the ‘readout’ pointer by only one row, the cxposure time is maximized.

In contrast, a circuit that uses a snapshot shutter typically exposes the entire
radiation sensitive array simultancously before reading out the entire image from the
radiation sensitive array into a frame butfer memory. During the time needed for reading out

the entire image, the radiation sensitive array ts not configured for exposure anymore.
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Disadvamagéously, the exposure time provided by said circuit is less than that of a rolling
shutter circuit. A shorter exposure time typically results in an image that has a worse signal-
to-noise ratio, i.c., is noisier. A publication “EBAPS: Next Generation, Low Power, Digital
Night Vision”, Acbi ct al., Intevac Corporation, OPTRO 2005 symposium, Paris, France,
describes using a rolling shutter circuit for maximizing the exposure time of a camera sensor.

The pointers of the rolling shutter circuit 140 may be increased by an intcrnél
state machine in the imaging sensor 110 itself, i.c., the rolling shutter circuit 140 may be part
of the imaging sensor 110, External logic, e.g., a Field Programmable Gate Array (FPGA)
located outside of the imaging sensor 110 may be used to clock the state machine and to
program the distance betwecen the two pointers for determining the exposure time.

By sequentially reading out the rows of sensor pixels 122, the rolling shutter
circuit 140 sequentially provides a subset of pixels 124. The subset of pixels 124 may
comprise the pixels of an entire row, or of a subset of rows. The subset of pixels may also
comprise a subsct of pixels from a single row, e.g., a single pixel or multiple neighbouring
pixels. The rolling shutter circuit 140 provides the subsct of pixels 124 to the signal processor
160, which, on availability of the subsct of pixels 124, processes the subset of pixels to
provide a processed subset of pixels. By processing the sequentially provided subset of
pixels, the signal processor 160 effectively processes the image 142 and provides a processed
image 162. This processing is indicated in the timing diagrams shown in Figs. 4 and 5. Here,
P, indicates a time period for processing the image 142. Fig. 5 shows the readout circuit 140
processing the row R, at the beginning of the time period Py and the row Ry at its end.
Consequently, during the processing Py, all rows R, to Rg are processed sequentially.

The time delay between the reading Sy and the processing Py, as shown in
Figs. 4 and 5, 1s dependent on, amongst others, a size of the subset of pixel 124. For example,
if the subsct of pixels 124 comprises the pixels of a row of sensor pixels 122, the processing
P; is delayed with respect to the reading Sy by at lcast a time period needed for reading and
providing said subset of pixels 124 to the signal processor 160. It will be appreciated,
however, that said time delay is significantly less than a time delay corresponding to an entire
reading out of the image 142 due to the sequential providing of the subset of pixels 124,

On availability of the processed subset of pixels, the display 180 displays the
processed subset of pixels on a thereto corresponding subset of display pixels 184. By
displaying the sequentially provided processed subset of pixels, the display 180 effectively
displays the processed image 162, This displaying is indicated in the timing diagrams shown

in IFigs. 4 and 5. Here, Dy indicates a time period for displaying the processed image 162, Fig,



5 shows the display 180 displaying the row R, at the beginning of the time period Dy and the
row Ry at its end. It will be appreciated that for the time delay between the displaying Dy and
the processing Py, similar considerations holds as for the time delay between the reading Sy
and the processing Py. The imaging device shown in Fig. 2 thus provides a latency L. that
corresponds to a time delay between the reading S; and the displaying Di. Morcover, it will
be appreciated that a reading S; of a following image may commence after the reading Sy of
the image has finished. Similarly, a processing P, may commence afler the processing Py has
finished, and a displaying D, may commence after the displaying D, has finished.

Fig. 6 shows an imaging device 200. The imaging device comprises, next to
the imaging sensor 110 and the readout circuit 140, also a further imaging sensor 210 and a
further readout circuit 240. The further imaging sensor 210 comprises a further radiation
sensitive array 220 for acquiring a further image 242. For rcading out the further image 242,
the further readout circuit 240 is connected to the further radiation sensitive array 220,

Fig. 7 shows the further imaging sensor 210 comprising the further radiation
sensitive array 220 next to the aforementioned imaging sensor 110 and radiation sensitive
array 110. Also shown is that the further radiation sensitive array 220 is arranged in rows of
further sensor pixéls 222. 1t is noted that, although not explicitly indicated in Fig. 7, the
further radiation sensitive array 220 is also arranged in columns of sensor pixels as a
consequence of being an array. Fig. 7 also shows the radiation sensitive array 120 having a
first spatial resolution, the further radiation sensitive array 220 having a sccond spatial
resolution, with the second spatial resolution being lower than the first spatial resolution. As
a consequence, the radiation sensitive array 120 is build up by n+/ rows, i.e., row Ry to row -
R,, whereas the radiation sensitive array 220 is build up by m+7 rows, 1.¢., row Ry to row R,,
with m being smaller than n. This configuration is assumed in the remainder of the
description of the imaging device of Fig. 6. However, it 1s noted that the sccond spatial
resolution may also be equal to or larger Vthan the first spatial resolution. Morcover, it 1s noted
that spatial resolution may refer to an image’s horizontal or vertical resolution, ¢.g., having
1280 pixels or 1024 lines, or to a combined resolution, e.g., a 1.3 megapixel image.

Referring to Fig. 6 again, the readout circuit 140 is configured as a further
rolling shutter circuit for sequentially reading out the rows of further sensor pixels 222.
During operation of the imaging device 200, the rolling shutter circuit 140 and the further
rolling shutter circuit 240 synchronously provide the subset of pixels 124 and tl}c further
subset of pixcls 224 by substantially synchronously reading out corresponding portions of the

image 142 and the further image 242. Here, corresponding portions refer to portions of the



image that have an associated image contents. For example, when the imaging sensor 110 is a
visible light imaging sensor for sensing visible light 112 and the further imaging sensor 210
is a thermal imaging sensor for sensing infrared radiation 212, the image 142 may be a
visible light image of a scene and further image 242 may be a thermal image of the same
scene. Consequently, corresponding portions may refer to, ¢.g., the top row R,, of the image
142 corresponding to the top row Ry, of the further image 242, the bottom row Ry of the
image 142 corresponding to a same bottom row Ry of the further image 242, etc. This enables
the signal processor 260 to, on availability of the subset of pixels 124 and the further subset
of pixels 224, combine both subsets of pixels to obtain the processed subset of pixels for,
e.g., providing a processed image 262 in which the thermal image is overlaid on top of the
visible light image. It is noted that corresponding portions may also refer to, e.g., when the
imaging sensor 110 acquires a left-hand view and the further imaging sensor 210 acquires a
right-hand view, portions that have a same vertical position in either image.

~ In order to compensate for the second spatial resolution being lower than the
first spatial resolution, the further rolling shutter circuit 240 is configured for reading out the
further image 242 with a-second readout speed that is lower than a first readout speed of the
rolling shutter circuit 140. This is shown in Fig. 8, where a similar timing diagram is shown
as in Fig. 5, with additionally a time period of a reading I; of the further image 242 being
indicated. It will be appreciated that, with the number of rows R,, of the further image 242
being lower than the number of rows R,, of the image 142, the second readout speed needs to
be lower to enable the reading I) of the further image 242 within a same time interval as the
reading S, of the image 142. This is reflected in a lower slope of the reading 1; with respecl (o
a horizontal axis when compared to the reading S;.

Fig. 8 shows the first readout specd being selected for reading 8y the image

142 within an imaging framc time T; and the sccond readout speed being sclected for reading
1, the further image 242 within the samc imaging frame time Ti. The imaging frame time T; 15
directly coupled to the imaging frame rate, ¢.g., 1s 1/60 s = 0.0167ms with a 60Hz imaging
frame rate. For maximizing an exposure of the radiation sensitive array 120, the first readout
speed is selected for reading Sy the image 142 in substantially said imaging frame time T;.
Furthermore, the second readout speed is sclected for substantially reading 1) the further
image 242 within the same imaging frame time T;. It will be appreciated that the resulting
ratio between the first readout speed and the sccongi readout speed inherently follows from
the aforementioned configuration of the imaging device 200 for synchronously reading out

corresponding portions of the image 142 and the turther image 242.
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Morcover, in the example depicted in Fig. 8, the first readout speed and the
second readout speed are selected for providing a reading Sy of the image 142 and a reading
1, of the further image 242 that covers the entire imaging frame time Tj. This may follow out
of a preference for the aforementioned maximizing of an exposure time of the radiation
sensitive array 120 and/or of the further radiation sensitive array 220. However, the reading
Sy and the reading 1) may also be faster, ¢.g., being completed before an end of the imaging
frame time T;. This reduces the time difference between the reading S, of the top and bottom
part of the image 142, and thus may reduce or avoid so-termed skew artefacts in the image
142. These artefacts are known to occur when said time difference is relatively large. Also,
the imaging device 200 may be configured for establishing the first readout speed in
dependence on an amount of radiation 112 impinging on the radiation sensitive array 120. As
such, the imaging device 200 may dynamically determine a compromise between a needed
exposure time and the aforementioned skew effects.

The rolling shutter circuit 140 may be clocked at a first pixel clock for
providing the first readout speed and the further rolling shutter circuit 240 may be clocked at
a second pixel clock for providing the second readout speed. Since the second readout speed
is lower than the first readout speed, the second pixel clock is also lower than the first pixel
clock. For example, when the second spatial resolution of the further image 242 is
horizontally and vertically one fourth of that of the first spatial resolution of the image 142,
e.g., 320 by 256 pixcls with respect to 1280 by 1024 pixels, the first readout circuit 140 may
be clocked at a system clock of, e.g., 44MHz, whereas the second readout circuit 240 may be
clocked at one sixteenth of that system clock, i.e., a 2.75MHz pixel clock. Since a lower
clock rate typically results in lower power consumption, the power consumption of the
imaging device 200 may be reduced. Alternatively, the second readout circuit 240 may be
clocked at 44 Mz as well, but may be configured to, on average, only provide one pixcl
cvery sixteenth clock cycle.

Since the second spatial resolution is lower than the first spatial resolution, it
may be necded to scale the further image 242 to the first spatial resolution or to a spatial
resohution of the display 180. It 1s noted that this may not be needed in all cases, ¢.g., when
the further image 242 is inserted as a so-termed Picture-in-Picture (PiP) into the image 142.
Fig. 9 shows an imaging device 300 comprising a scaler 250 for providing as the further
image 242 a scaled impage 252 having the first spatial resobution. Here, the further rolling
shutter circuit 240 is shown to be connected to the scaler 250 for providing the further imayce

242 1o the scaler 250, and the scaler 250 is shown to be connected to the signal processor 260
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for providing the scaled image 252 to the signal processor 260. The scaler 250 may comprise
line buffer memories for enabling spatial scaling in a vertical direction. The spatial scaling
may comprise performing a zero order linear interpolation technique, i.c., a so-termed pixel
repetition or nearest neighbour interpolation, as is known from the technical field of image
processing. The spatial scaling may also comprise techniques such as first order lincar
intcrpolation, ¢.g., bilincar interpolation, higher order Jincar interpolation and non-lincar
interpolation techniques. Such techniques typically infroduce fewer interpolation artefacts.

It is noted that the imaging device 300 does not need to comprise an explicit
scaler 250. Instead, a buffer may be used that effectively functions as a scaler. For example,
the further rolling shutter circuit 240 may comprise a so-termed First-In-First-Out (FIFQ)
buffer, as is known from the technical field of processor design and architectures. The further
rolling shutter circuit 240 may then read a row Ry;, as is shown schematically in Fig, 10, from

- the further radiation sensitive array 220. The reading may be performed using a 2.75 MHz
pixel clock. The read out row R,, may then be buffered in the FIFO, and read out with a
higher pixel clock, e.g., a 44 MHz pixel clock, for providing the row Ry, repeatedly at a same
readout specd as the row R, that is rcad out by the rolling shutter circuit 140. 1t is noted that
such usc of a FIFO buffer effectively performs a nearest neighbour interpolation, although it
may conventionally not considered being a scaler. Also, it will be appreciated that such
functionality may be also implemented in the signal processor 260 itscif, i.c., the signal
processor 260 may comprise the FIFO for performing said buffering.

Fig. 11 shows a method 300 of acquiring and displaying images in real-time
with an imaging device, the imaging device comprising 1) an imaging sensor comprising a
radiation sensitive array for acquiring an image, ii) a readout circuit connccted to the
radiation sensitive array for reading out the image, iii) a signal processor for processing the
imagc for obtaining a processcd image, and iv) a display for displaying the processed image,
the radiation sensitive array being arranged in rows of sensor pixcls and the display being
arranged in rows of display pixels, and wherein the method comprises sequentially recading
340 out the rows of sensor pixels with the readout circuit for sequentially providing a subset
of pixels, on availability of the subset of pixels, processing 360 the subset of pixels with the
signal processor for providing a processed subset of pixels, and on availability of the
processed subset of pixels, displaying 380 the processed subset of pixels with the display on a
thereto corresponding subset of display pixels for displaying the processed image

sequentially on the rows of display pixels.



Fig. 12 shows a computer rcadable medium 400 comprising a computer
program 420, the computer program 420 comprising instructions for causing a processor
system to perform the method 300 as shown in Fig. 11. The computer program 420 may be
embodied on the computer readable medium 400 as physical marks or by means of
magnetization of the computer readable medium 400. Howcver, any other suitable
embodiment is conceivable as well. Furthermore, 1t will be appreciated that, although the
computer readable medium 400 1s shown in Fig. 12 as an optical disc, the computer readable
medium 400 may be any suitable computer readable medium, such as a read-only-memory or
random-access memory, e.g., solid state memory, flash memory, etc.

1t will be appreciated that the present invention may be used for various kinds
of imaging sensors, and thus is not limited to, e.g., visible light imaging sensors or thermal
sensors. Moreover, combining the image 142 with the further image 242 may comprise
fusing the image 142 with the further image 242 by, e.g., overlaying certain clements of the
further image 242 on top of the image 142. However, the combining may also comprise
creating a processed image 262 that comprises a side-by-side, picture-in-picture or similar
spatial arrangement of the image 142 and the further image 242.

_ The signal processor 160 may employ various kinds of signal processing next
to the aforementioned combining of fusing of the image 142 and the further image 242. For
éxample, the signal processor 160 may perform various kinds of image processing, as are
known from the technical field of image processing, such as non-uniformity correction,
histogram equalization, noise reduction, sharpening, colour mapping, etc. Morcover, to
increase a throughput of the signal processor 160, the signal processing may comprise an
image processing pipeline for obtaining a pipelined processing of the subset of pixels 124.

The display 180 may be a micro Organic Light Emitting Diode (OLED) or
Liquid Crystal (L.C) based display. The imaging scnsor 110 may be a CMOS scnsor. The
signal processor 160 may be embodicd in a FPGA. The imaging scnsor 160 may be
configured for providing synchronization information, e.g., so-termed horizontal and vertical
SYNC signals. These may be used by the imaging device 100 to synchronize the reading, the
processing and the displaying of the image 142. The synchronization information may aiso be
used for synchronizing reading the further image 242 using the further readout circuit 240.

It will be appreciated that the above deseription for clarity has described
embodiments of the invention with reference to different functional units. However, it will be
apparent that any suitable distribution of {unctionality between different functional units or

processors may be used without detracting from the invention. For example, functionahity
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illustrated to be performed by separate processors or controllers may be performed by the
same processor or controllers. Hence, references to specific functional units are only 10 be
seen as references to suitable means for providing the described functionality rather than
indicative of a strict logical or physical structure or organization.

The invention can be implemented i any suitable form including
hardwarc, softwarc, firmware or any combination of these, The invention may optionally be
implemented at least partly as computer software running on one or more data processors
and/or digital signal processors. The elements and components of an embodiment of the
invéntion may be physically, functionally and logically implemented in any suitable way.
Indeed the functionality may be implemented in a single unit, in a plurality of units or as part
of other functional units. As such, the invention may be implemented in a single unit or may
be physically and functionally distributed between different units and processors.

Although the present invention has been described in connection with
some embodiments, it is not intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only by the accompanying claims.
Additionally, although a feature may appear to be described in connection with particular
embodiments, one skilled in the art would recognize that various features of the described
embodiments may be combined in accordance with the invention. In the claims, the te{m
comprising does not exclude the presence of other elements or steps.

Furthermore, although individually listed, a plurality of means,
elements or method steps may be implemented by e.g. a single Llnit OT Processor.
Additionally, although individual features may be included in different claims, these may
possibly be advantageously combined, and the inclusion in different claims does not imply
that a combination of features is not feasible and/or advantageous. Also the inclusion of a
featurc in onc catcgory of claims does not imply a limitation to this catcgory but rather
indicates that the featurce is cqually applicable to other claim categorics as appropriatc.
Furthermore, the order of features in the claims do not imply any specific order in which the
features must be worked and in particular the order of individual steps in a method claim
docs not imply that the steps must be performed in this order. Rather, the steps may be
performed in any suitable order. In addition, singular references do not cxclude a plurality.
Thus references to "a", "an", "first”, "second” etc do not preclude a plurality. Reference signs
in the claims are provided mercly as a clarifying example shall not be construed as Himiting

the scope of the claims in any way.
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CLAIMS:

1. A direct view system (100, 200, 300) arranged for acquiring and displaying
images in real-time, the direct view system comprising 1) an imaging sensor (110) comprising
a radiation sensitive array (120) for acquiring an image {142), 1i) a readout circuit (140)
connected to the radiation sensitive array for reading out the image, iii) a signal processor
(160, 260) for processing the image for obtaining a processed image (162, 262), and iv) a
display (180) for displaying the processed image, the radiation sensitive array being arranged
in rows of sensor pixels (122) and the display being arranged in rows of display pixels (182),
and wherein:

- the readout circuit is a rolling shutter circuit for sequentially reading
out the rows of sensor pixels for sequentially providing subscts of pixels (124);

- the signal processor is configured for, on availability of one of the
subsets of pixels, processing the subset of pixels for providing a processed subset of pixels;
and

- the display is configured for, on availability of the processed subset of
pixcls, displaying the processed subsct of pixels on a thereto corresponding subsct of display

pixels (184) for displaying the processed image sequentially on the rows of display pixels.

2. A direct view system (200, 300) according to claim 1, wherein the direct view
system comprises a further imaging sensor (210) and a further readout circuit (240), the
further imaging sensor comprising a further radiation sensitive array (220) for acquiring a
further image (242), the further readout circuit being connected to the further radiation
sensitive array for reading out the further image, the further radiation sensitive array being
arranged in rows of further sensor pixels (222), the further readout circuit being a further
rolling shutter circuit for scquentially rcading out the rows of further sensor pixcls for
sequentially providing further subsets of pixcls (224), and wherein the direct view system is
configured for synchronously displaying the image (142) and the further image on the display
(180) by:

- the rolling shutter circuit (140) and the further rolling shutter circuit

being confipured for synchronously providing the subset of pixels (124) and one of the
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further subsets of pixels by substantially synchronously reading out corresponding portions
of the image and the further image; and

- the signal processor (260) being configured for, on availability of the
subset of pixels and the further subset of pixels, combining the subset of pixels with the

further subset of pixels for obtaining the processed subset of pixels.

3. A direct view system (200, 300) according to claim 2, wherein the imaging
sensor (110) is a visible hight imaging sensor for sensing visible light (112) and the further
imaging sensor (210) is a thermal imaging sensor for sensing infrared radiation (212) for
enabling synchronously displaying a visible light image (142) and a thermal image (242) on

the display (180).

4. A direct view system (200, 300) according to any of claims 2-3, wherein the
signal processor (260) is configured for combining the subset of pixels (124) with the further
subset of pixels (224) by fusing the subset of pixels with the further subsct of pixcls for
abtaining as the processed image (262) an image fusion of the image (142) with the further

image (242).

5. A direct view system (200, 300) according to any of claims 2-4, wherein the
radiation sensitive array (120) has a first spatial resolution, the further radiation sensitive
array (220) has a second spatial resolution, the second spatial resolution being lower than the
first spatial resolution and the further rolling shutter circuit (240) being configured for
reading out the further image (242) with a second readout speed that is lower than a first
readout speed of the rolling shutter circuit (140) for enabling said synchronously providing

the subset of pixels (124) and the further subset of pixels (224).

6. A direct view system (200, 300) according to claim 5, whercin the rolling
shutter circuit (140) i1s configured for reading out the image (142) with the first readout spced
within an imaging frame time (T1), and the further rolling shutter circuit (240) is configured
for reading out the further image (242) with the sccond rcadout speed within the imaging

frame time.

7. A direct view system (200, 300) according to any of claims 5-6, wherein the

rolling shutter circuit (140) 1s clocked at a first pixel clock for providing the first readout
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speed and the further rolling shutter circuit (240) is clocked at a second pixel clock for

providing the second readout speed.

8. A direct view system (200, 300) according to any of claims 5-7, wherein the
direct view system comprises a scaler (250) for spatially scaling the further subset of pixels
(224) for providing as the further image (242) a scaled image (252) having the first spatial

resolution.

9. A direct view system (200, 300) according to claim 8, wherein the scaler (250)
is configured for performing the spatial scaling using at least one technique out of the group
of: pixel repetition, first order linear interpolation, higher order linear interpolation and non-

linear interpolation techniques.

10. A direct view system (100, 200, 300) according to any of the above claims,
wherein the signal processor (160, 260) comprises an image processing pipeline for obtaining

a pipelined processing of the subsets of pixels (124).

11. A dircet view system (100, 200, 300) according to any of the above claims,
wherein the rolling shutter circuit (140) is configured for reading out the image (142) with a
first readout speed, and wherein the direct view system is configured for establishing the first
readout speed in dependence on an amount of radiation (112) impinging on the radiation

sensitive array (120).

12. A direct view system (100, 200, 300) according to any of the above claims,
wherein the direct view systemn comprises an image intensifier for providing intensified

visible hight to the imaging sensor (110).

13 Helmet, head mount, rifle sight or handheld device comprising the direct view

system (100, 200, 300) according to any of the above claims,

14, Method (300) of acquiring and displaying images in real-time with a direct

view system, the direct view system comprising 1) an imaging sensor comprising a radiation
¥

sensitive array for acquiring an image, i) a rcadout circuit connecled o the radiation

sensitive array for reading out the image, i) a signal processor for processing the image for
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obtaining a processed image, and iv) a display for displaying the processed image, the
radiation sensitive array being arranged in rows of sensor pixels and the display being
arranged in rows of display pixels, and wherein the method comprises:

- sequentially reading (340) out the rows of sensor pixels with the
readout circuit for sequentially providing subsets of pixels;

- on availability of one of the subsets of pixels, prdcessing (360) the
subset of pixels with the signal processor for providing a processed subset of pixels; and

- on availability of the processed subset of pixels, displaying (380) the
processed subset of pixels with the display on a thereto corresponding subset of display

pixels for displaying the processed image sequentially on the rows of display pixels.

15. Computer program (420) stored on a computer-readable medium (400, the
computer program comprising instructions for causing a processor system to perform the

method according to claim 14.



