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(57) Abstract:  The present invention
relates to a device and a method for
detecting an object in a digital image (42)
using a field programmable gate array
(74). The proposed device includes an
image acquisition interface (78) adapted
for receiving pixel values of an input digital
image (42) from an image sensor (72),
and writing the received pixel values on
to a plurality of addressable image buffers

(88,90,92) contained. The proposed device
further includes feature extraction means
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(80) adapted for reading the pixel values
from at least one addressable image buffer,
out of the plurality of addressable image
buffers (88,90,92), and extracting a plurality
of feature vectors for a window (40) within
the digital image (42). A decision logic (98)
is provided that is adapted for performing
an arithmetic operation on the extracted
feature vectors and corresponding support
vectors stored in an internal memory means
(89), and deciding the presence of an object
in the window (40) based upon a result of
the arithmetic operation.
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Description

Device for object detection in an image, and method thereof

The present invention relates to image processing,

particularly to systems for detecting objects in images.

Real-time detection of objects, such as pedestrians, has
assumed importance in the field of intelligent transportation
systems. These systems are meant to have a partially or fully
automatic driver assistance system. The various tasks
involved in such automatic vehicle guidance systems are lane
detection, obstacle detection, traffic sign recognition,
pedestrian detection, etc. Among these tasks, carrying out
detection of pedestrians is very computationally intensive,
and successful execution of the task in real-time remains a

challenge.

Traditionally, personal computer (PC) based systems have been
used for executing the complex video processing algorithms
involved in pedestrian detection. These PC based systems
exhibit poor performance in terms of processed video frames
per second. Further, they are not suitable for deployment in
vehicles due to their inherently large size and electrical

power requirement.

It is an object of the present invention to provide an

improved means for detecting objects in images.

The above object is achieved by a device for detecting an

object in a digital image, said device implemented on a field

programmable gate array, comprising:

- a plurality of addressable image buffers,

- an image acquisition interface adapted for receiving pixel
values of an input digital image from an image sensor, and
writing the received pixel values on to said plurality of

addressable image buffers,
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- feature extraction means adapted for reading said pixel
values from at least one addressable image buffer, out of
said plurality of addressable image buffers, and extracting
a plurality of feature vectors for a window within said
digital image,

- internal memory means for storing a plurality of support
vectors, and

- decision logic adapted for performing an arithmetic
operation on said extracted feature vectors and
corresponding support vectors stored in said internal
memory means, and deciding the presence of an object in
said window based upon a result of said arithmetic

operation.

The above object is achieved by a method for detecting an
object in a digital image using a field programmable gate
array, said method comprising:

- receiving pixel wvalues of an input digital image from an
image sensor, and writing the received pixel values on to a
plurality of addressable image buffers,

- reading said pixel values from at least one addressable
image buffer, out of said plurality of addressable image
buffers, and extracting a plurality of feature vectors for
a window within said digital image, and

- performing an arithmetic operation on said extracted
feature vectors and corresponding support vectors stored in
an internal memory means, and deciding the presence of an
object in said window based upon a result of said

arithmetic operation.

The underlying idea of the present invention is to provide a
technique for object detection in an image using an embedded
system based on a field programmable gate array (FPGA) and
using support vector machine, such that high performance is
achieved in real-time while meeting the constraints of low

power consumption and smaller size.
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In one embodiment, said feature extraction means and said
decision logic are configured such that said feature wvector
extraction and said arithmetic operation of the decision
logic are performed in parallel. The above feature
advantageously allows use of hardware resources of the FPGA
in a manner that exploits parallelism in design to achieve

higher performance.

In a further embodiment, the proposed device further
comprises tagging logic adapted for triggering generation of
a tag for said window upon decision that an object is present
in said window. This facilitates display of a tag, such as a
boundary, around a window wherein an object of interest is
detected.

In one embodiment, said arithmetic operation comprises
computing a vector dot product of each feature vector of said
window and the corresponding support vector stored in said
internal memory means, and summing up said vector dot
products, wherein presence of an object is decided if said
summation is greater than a threshold value. The above
provides particularly advantageous means for detecting an

object in an image using support vector machines.

In the illustrated embodiment, said window is formed by a
sliding rectangular sized region within said digital image.
Advantageously, this allows a captured digital image to be
analyzed in terms of smaller units of data in parallel to

other computations.

In a particularly preferred embodiment, said feature

extraction means comprises a first and a second feature

extraction module, wherein

- said first feature extraction module is adapted for reading
pixel values from a first addressable image buffer, of said
plurality of addressable image buffers, and extracting a

first set of feature vectors for said window by computing
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vertical, horizontal and corner coefficients for a sliding
mask of a first scale across said window, and

- said second feature extraction module is adapted for
reading pixel wvalues from a second addressable image
buffer, of said plurality of addressable image buffers, and
extracting a second set of feature vectors for said window
by computing vertical, horizontal and corner coefficients

for a sliding mask of a second scale across said window.

The above feature allows feature vector extraction at

multiple scales of detection.

In one embodiment, said first and second feature extraction
modules and said first and second addressable image buffers
are configured such that extraction of the first set of
feature vectors by said first feature extraction module and
extraction of the second set of feature vectors by said

second feature extraction modules are performed in parallel.

In a further preferred embodiment, said vertical, horizontal
and corner coefficients are obtained by extracting a pixel
value of at least one specified pixel in said sliding masks
of the first scale and the second scale. Use of only
specified pixel values, instead of all pixel values for a
mask, simplifies the extraction of the feature vectors and
advantageously provides a real-time performance of about 50

frames per second.

The present invention is further described hereinafter with
reference to illustrated embodiments shown in the

accompanying drawings, in which:

FIG 1 is a high level block diagram of an image processing

system,
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FIG 2 is an exemplary flowchart illustrating operational
steps for detecting the presence of an object in a digital

image,

FIG 3 is a diagrammatical representation of a sliding window

over a digital image,

FIG 4 is a diagrammatical representation of a scale-16 mask

operation of a window,

FIG 5 is a diagrammatical representation of a scale-32 mask

operation of a window

FIG 6 1is a diagrammatical illustration of a Haar wavelet to

compute vertical coefficients for a mask,

FIG 7 1is a diagrammatical illustration of a Haar wavelet to

compute horizontal coefficients for a mask,

FIG 8 is a diagrammatical illustration of a Haar wavelet to

compute corner coefficients for a mask, and

FIG 9 is a block diagram of a field programmable gate array
(FPGA) based hardware architecture for detecting an object in
a digital image according to an embodiment of the present

invention.

Before describing the proposed device and the operations
performed to detect an object in a digital image, some of the

terminology used herein will be explained.

An analog or continuous parameter image such as a still
photograph may be represented as a matrix of digital wvalues
and stored in a storage device, such as that of a computer,
an embedded system, or other digital processing device. Thus,
as described herein, the matrix of digital data values are

generally referred to as a "digital image" or more simply an



10

15

20

25

30

35

WO 2008/138802 PCT/EP2008/055515

"image" and may be stored in a digital data storage device,
such as a memory for example, as an array of numbers
representing the spatial distribution of energy at different

wavelengths in a scene.

Similarly, an image sequence such as a view of a moving
pedestrian for example, may be converted to a digital wvideo
signal as is generally known. The digital video signal is
provided from a sequence of discrete digital images or
frames. Each frame or image may be represented as a matrix of
digital data values which may be stored in a storage device,
such as that of a computer, an embedded system or other
digital processing device. Thus in the case of video signals,
as described herein, a matrix of digital data wvalues are
generally referred to as an "image frame" or more simply an
"image" or a "frame." Each of the images in the digital wvideo
signal may be stored in a digital data storage device, such
as a memory for example, as an array of numbers representing
the spatial distribution of energy at different wavelengths
in a scene in a manner similar to the manner in which an

image of a still photograph is stored.

Whether provided from a still photograph or a video sequence,
each of the numbers in the array correspond to a digital word
(e.g. an eight-bit binary value) typically referred to as a
"pixel value" or as "image data." The image may be divided
into a two dimensional array of pixels with each of the
pixels represented by a pixel value comprising a digital

word.

Reference is also sometimes made herein to an image as a two-
dimensional pixel array. An example of an array size is an
array having 512 rows and 512 columns (denoted 512x512).
Specific reference is sometimes made herein to operation on
arrays having a particular size (e.g. 128x64, 32x32, lo6xleo,
etc). One of ordinary skill in the art will of course

recognize that the techniques described herein are applicable
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to various sizes and shapes of pixel arrays including

irregularly shaped pixel arrays.

A scene is an image or a single representative frame of wvideo
in which the contents and the associated relationships within
the image can be assigned a semantic meaning. A still image
may be represented, for example, as a pixel array having 512
rows and 512 columns. An “object” is defined as an
identifiable entity in a scene in a still image or a moving

or non-moving entity in a video image.

Further, it should be appreciated that, for the sake of
illustration, reference is made herein to operation on images
which include pedestrians. It should be noted, however, that
the techniques described herein are not limited to use of
detection or classification of pedestrians in images. Rather,
the techniques described herein can also be used to detect
and/or classify a wide variety of objects within images
including but not limited to pedestrians, faces, automobiles,
animals, and other objects. Accordingly, those of ordinary
skill in the art will appreciate that the description and
processing taking place on objects which represent
pedestrians or images which include objects which represent
pedestrians, could equally be taking place on objects which

do not represent pedestrians.

Referring now to FIG 1, an exemplary object detection system
10 in accordance with the present invention comprises a wvideo
capturing device 12, such as a video camera, an image
processing unit 14, and an output display device 16, along
with some memory storage and input/output devices. In
accordance with the present invention, the image processing
unit 14 is implemented on a field programmable gate array
(hereinafter referred to as FPGA), described in greater
detail below.
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The proposed system is implemented based on the concept of
support vector machines (SVM). This involves capturing the
required features that need to be detected (such as
pedestrian), in the form of a vector of data called support
vectors. Support vectors are generated offline, by adopting a
training mechanism using a database of images that are
typical to the scenario in which the system will be used.
Different scenarios, such as low-lighting conditions, can be
taken care of by using an appropriate image database for
generating the support vectors. The support vectors thus
generated are then used in the FPGA based system, to detect

an object (such as a pedestrian) in the real-time image data.

Referring to FIG 2, an illustrative description is made of
the operational tasks, represented by a method 18, carried
out by the FPGA hardware for detecting the presence of an
object. In the embodiment presented herein, the object of

interest is representative of a pedestrian.

As shown, after startup 20, the method 18 repeatedly carries
out a set of operations, described as follows. A frame

(image) of video is first captured (step 22) by the camera
and fed to the image processing unit. In the illustrated
example the captured video frame is of size 320x240 pixels.
This frame is analyzed in terms of smaller units of data,
called windows. In this example, each window is of size
64x128 pixels. As shown in FIG 3, each window 40 of size
04x128 pixels is formed by overlapping rectangular sized
regions that slide across the input frame 42 of size 320x240
pixels. In one embodiment, between consecutive windows in the
horizontal direction, the horizontal overlap 44 may be equal
to four pixels. Likewise, between consecutive windows in the
vertical direction, the wvertical overlap 46 may also be equal
to four pixels. As can be calculated the total number of
horizontally overlapping windows 1is 65 while the total number
of vertically horizontally windows is 29. Hence, for any

video frame 42, the total number of windows to be analyzed
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would be 1885 (65 times 29). Detection of a pedestrian is
carried out for each window, based on an SVM based approach

as described below.

Referring back to FIG 2, at step 24, for every window
considered in the frame, a set of feature vectors meant to
capture the existence of a pedestrian are extracted. In the
illustrated example, feature vectors are extracted for two
scales of detection, i.e. scale-16 and scale-32. That is to
say, a first set of feature vectors are extracted by
computing vertical, horizontal and corner coefficients of a
sliding mask of size 16x16 pixels across the window of size
64x128 pixels. This is referred to as scale-16 feature
extraction. Likewise, a second set of feature vectors are
extracted by computing vertical, horizontal and corner
coefficients of a sliding mask of size 32x32 pixels across
the window of size 64x128 pixels. The above is referred to as

scale-32 feature extraction.

Referring to FIG 4, sliding masks 50 of size 1loxl16 pixels are
illustrated for a window 40 of size 64x128 pixels. In one
embodiment, the horizontal overlap 51 and the vertical
overlap 52 between consecutive 16x16 masks 50 may each be
equal to four pixels. Accordingly, there would be 13
horizontally overlapping masks and 29 vertically overlapping
masks, and the total number of 1lox1l6 masks for the window 40
can be calculated to be 377 (13 times 29).

FIG 5 shows sliding masks 52 of size 32x32 pixels for the
window 40 of size 64x128 pixels. In one embodiment, the
horizontal overlap 55 and the vertical overlap 57 between
consecutive 32x32 masks 52 may each be equal to eight pixels.
Accordingly, there would be five horizontally overlapping
masks and 13 horizontally overlapping masks, and the total
number of 32x32 masks for the window 40 can be calculated to
be 65 (five times 13).
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In this example, for every window, three feature vectors are
extracted for each of scale-16 and scale-32. These include a
vertical feature vector, a horizontal feature vector, and a
corner feature vector. For each scale of feature extraction,
the elements of the vertical, horizontal and corner feature
vectors respectively comprise vertical, horizontal and corner
coefficients computed for each mask of that scale. Hence it
can be seen that the three feature vectors extracted for
scale-16 comprise 377 elements each, while the three feature
vectors extracted for scale-32 comprise 65 elements each.
Thus, a total of six feature vectors are generated for each

window.

Vertical, horizontal and corner coefficients may be computed
for each of scale-16 and scale-32 by considering each mask as
two-dimensional Haar wavelets as shown in FIGS 6-8. The
vertical, horizontal and corner coefficients respectively
capture the change in intensity along the vertical direction,
the horizontal direction and the diagonals (or corners). For
each mask a vertical coefficient may be computed by
extracting pixel values for all pixels from the mask, and
summing them up after assigning the appropriate sign
depending on the position of the pixel in the vertical
wavelet 60 shown in FIG 6. In a similar manner, horizontal
and corner coefficients may be computed with the extracted
pixel values and using the appropriate signs (based on the
position of a pixel) indicated respectively on a horizontal
wavelet 62 (shown in FIG 7) and a corner wavelet 64

respectively (shown in FIG 9).

In order to speed up the computation involved, instead of
extracting pixel values for each pixel of a mask and
performing the above-described computations on those pixels,
a single specified pixel value, preferably a corner pixel
value may be picked up for each mask to represent a vertical,
horizontal, or corner coefficient of that mask, by assigning

the appropriate sign on that pixel value depending upon the
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position of the specified pixel. Using the above technique, a
high real-time performance of about 50 frames per second may

be achieved.

Referring back to FIG 2, once the feature vectors are
extracted for a given window, a set of arithmetic operations
are performed at step 26. These may include computation of a
dot product of each feature vector with a corresponding
support vector stored in a memory means within the FPGA. As
can be seen, in the present example, for each window, 6 dot
products would have to be computed. In one embodiment, the
dot product of a feature vector fV with a corresponding

support vector SV may be computed using a relationship (1)

below:
lK—mVOSV - (1)
n

Wherein nV is a normalization wvector, and mV is a mean
vector, both nV and mV being predetermined constants for a

given operation.

In order to obviate the recurring division operation on the
feature vector, the above computation may be efficiently

implemented using a simplified relationship (2) given below:

VV—mVOMﬂ{?%J - (2)

n

The dot products so obtained are then summed together to give
a single result for each window. At step 28, if the computed
result exceeds a specific threshold value, the presence of
pedestrian is detected in the window under consideration. At
step 30, a tag is generated for the window, for example by
drawing a box around the window, and displayed through the
output display device. Subsequent to step 30, or when the
computed result at step 28 does not exceed the threshold



10

15

20

25

30

35

WO 2008/138802 PCT/EP2008/055515

12

value, control moves to step 32, wherein a check is made to
determine if all windows in the frame have been processed. If
the result is positive, control returns to step 22, wherein
the next frame (image) captured by the camera is fed to the
image processing unit. If the result at step 32 is negative,
control returns to step 24, wherein feature vectors are
extracted, as discussed above, for the next window of the

frame.

The hardware architecture for the pedestrian detection system
implemented on an FPGA is shown in FIG 9. The different
functional modules shown in the FPGA correspond to the
different functions shown in the flowchart in FIG 2. Data
lines, address lines and control lines are respectively

denoted by reference numerals 1, 2 and 3 in FIG 9.

As shown, an FPGA implemented pedestrian detection system 70
includes an image sensor 72, such as a CMOS image sensor, an
image processing unit comprising an FPGA 74 and an output
display device 76. Functional units of the FPGA 74 broadly
include an image acquisition interface 78, a feature
extraction means 80, a classifier module 82, a tag generator
84 and an output display interface 86. The FPGA also includes
memory means 89 for storing pre-generated support vectors. No
external off-chip memory is used, thereby avoiding time
consuming external memory access cycles. The proposed design
optimally utilizes the internally available on-chip memory of

FPGA. The functional blocks are explained in detail below.

The image acquisition interface 78 receives image data (pixel
values) for an input image (frame) from the image sensor 72
and writes the image data to a plurality of addressable image
buffers in the FPGA. For higher performance, it is desirable
to use the hardware resources of the FPGA in a manner that
exploits parallelism in design. Accordingly a plurality of
image buffers are provided for storing image data such that

various operations such as feature extraction and tagging are
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performed in parallel by reading image data from the
respective image buffer. In the illustrated embodiment, three
addressable image buffers 88, 90 and 92 are provided for
writing image data into. In practice, these image buffers may
be physically located in one or more memory chips on the FPGA
74. The image acquisition interface 78 correctly decodes the
control signals obtained from the image sensor 72 and also
generates the required addresses for the image buffers 88, 90
and 92. In a preferred embodiment, the image acquisition
interface 78 is designed as a dedicated CMOS camera interface
controlled by FPGA hardware. This allows the on-chip image
buffers 88, 90 and 92 to be directly filled. Further,
multiple image buffers can be written simultaneously in the
internal memory of FPGA. This speeds up the frame grabbing
for the pedestrian detection system. In a traditional
processor based system external memory is used and transfer
from the external memory can be done only to one of the

internal memory blocks.

The feature extraction means 80 is adapted to read the image
data from the addressable image buffers and extract plurality
of feature vectors for each window within said digital image.
In the illustrated embodiment, the feature extraction means
80 includes a scale-16 feature extraction module 94 and a
scale-32 feature extraction module 96, operable to extract
two sets of feature vectors for each window, comprising three
scale-16 feature vectors and three scale-32 vectors, as
described earlier with respect. Thus total of six feature
vectors are generated for each window. The illustrated
embodiment allows extraction of the feature vectors to be
performed in parallel. This is because the scale-16 feature
extraction module 94 and the scale-32 feature extraction
module 96 are capable of reading image data independently and

in parallel from the image buffers 88 and 90 respectively.

The classifier module 82 consists of two sub-modules, namely,

decision logic 98 and tagging logic 100. Decision logic 98
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performs the arithmetic operation on the extracted feature
vectors using corresponding support vectors stored in the
internal memory means 89. Decision logic in the described
FPGA based system involves arithmetic operations that are
carried out in a pipelined fashion in order to obtain high
throughput. As mentioned earlier, the result of these
arithmetic operations is used to decide presence of a
pedestrian in the window under consideration. If a window has
pedestrian in it, the window number is passed to the tagging
logic 100, which in turn triggers the creation of a tag for
the window, in the output image. This tag may include, for

example, a visible boundary around the window.

As mentioned above, image data is also written into the image
buffer 92 by the image acquisition interface 76. The output
display interface 86 reads image data from the image buffer
92 and generates the control signals for the display of this
image on the output display device 76, which may include a

VGA monitor.

The tag generator 84 is configured to generate a tag for a
window wherein an object of interest (such as a pedestrian)
has been detected. The tag generator 84 includes a tag data
generator 102 and a tag address generator 104. Multiplexers
106 and 108 are provided which operate such that when the
output of the tagging logic 100 indicates a “not detected”
state, the image buffer 92 only receives image data and
addresses from the image acquisition interface 78. However,
when the output of the tagging logic indicates a “detected”
state, the multiplexers 106 and 108 operate such that the
image buffer 92 only receives tag data and tag addresses
respectively from the tag data generator 102 and the tag
address generator 105, which is then subsequently sent to the
output display interface 74 for display of a visible tag for

the concerned window.
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In the proposed FPGA, the tag generator 84 operates in
parallel with the rest of the computations, thereby saving
the time required for indicating pedestrians in the output
video. Contemporary systems slow down under real conditions
when pedestrians are detected, since tagging is a time

consuming process.

Several important advantages may be realized by the
embodiments illustrated above. First, the hardware resources
of the FPGA are used methodically to eliminate the need for
normal sequence of instruction fetch and decode inherent in a
processor based design. Since such instruction cycles are
time consuming and sequential in nature, use of new approach
results in faster processing speed. Moreover, the SVM
algorithm has been adapted to achieve real-time performance
of 50 frames per second. This is because the feature vector
extraction was simplified to a large extent by using only
specified pixel values such as the corner pixel value of each
mask. Also, size and resource requirements are greatly
reduced as there is no need of external off-chip memory etc.
Further, time and resource consuming operations in FPGA have
been replaced with efficient operations yielding same output.
Complex arithmetic operations are avoided. For example,
division arithmetic is replaced by multiplication with pre-

computed vectors.

The proposed technique is particularly advantageous for
pedestrian detection. Further, using the proposed technique,
it may be also possible to implement additional features like
tracking the pedestrian in real-time. Since the proposed
system is vision based, detection is possible from larger
distances, ensuring safety of pedestrian. As pedestrians can
be detected at very high speed, the proposed system can be
advantageously used for high vehicle speeds. Also, such a
system can display the detected pedestrian on a display
device such as an LCD screen. This system can also be

deployed in smart homes/offices for human-intrusion detection
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in real-time. The underlying hardware may be reconfigured to

suit any new algorithms or features.

Summarizing, the present invention relates to a device and a
method for detecting an object in a digital image using a
field programmable gate array (FPGA). The proposed device
includes an image acquisition interface adapted for receiving
pixel values of an input digital image from an image sensor,
and writing the received pixel values on to a plurality of
addressable image buffers contained. The proposed device
further includes feature extraction means adapted for reading
the pixel wvalues from at least one addressable image buffer,
out of the plurality of addressable image buffers, and
extracting a plurality of feature vectors for a window within
the digital image. A decision logic is provided that is
adapted for performing an arithmetic operation on the
extracted feature vectors and corresponding support vectors
stored in an internal memory means, and deciding the presence
of an object in the window based upon a result of the

arithmetic operation.
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1. A device for detecting an object in a digital image

(42), said device implemented on a field programmable

gate array (74), comprising:

- a plurality of addressable image buffers (88,90,92),

- an image acquisition interface (78) adapted for
receiving pixel values of an input digital image (42)
from an image sensor (72), and writing the received
pixel values on to said plurality of addressable
image buffers (88,90,92),

- feature extraction means (80) adapted for reading
said pixel values from at least one addressable image
buffer (88, 90), out of said plurality of addressable
image buffers (88,90,92), and extracting a plurality
of feature vectors for a window (40) within said
digital image (42),

- internal memory means (89) for storing a plurality of
support wvectors, and

- decision logic (98) adapted for performing an
arithmetic operation on said extracted feature
vectors and corresponding support vectors stored in
said internal memory means (89), and deciding the
presence of an object in said window (40) based upon

a result of said arithmetic operation.

The device according to any of the preceding claims,
wherein said feature extraction means (80) and said
decision logic (98) are configured such that said
feature vector extraction and said arithmetic operation

of the decision logic (98) are performed in parallel.

The device according to any of the preceding claims,
further comprising tagging logic (100) adapted for
triggering generation of a tag for said window (40)
upon decision that an object is present in said window
(40) .
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The device according to any of the preceding claims,
wherein said arithmetic operation comprises computing a
vector dot product of each feature vector for said
window (40) and the corresponding support vector stored
in said internal memory means (89), and summing up said
vector dot products, wherein presence of an object is
decided if said summation is greater than a threshold

value.

The device according to any of the preceding claims,
wherein said window (40) is formed by a sliding
rectangular sized region within said digital image
(42) .

The device according to any of the preceding claims,

wherein said feature extraction means (80) comprises a

first and a second feature extraction module (94 and

96), wherein

- said first feature extraction module (94) is adapted
for reading pixel values from a first addressable
image buffer (88), of said plurality of addressable
image buffers (88,90,92), and extracting a first set
of feature vectors for said window (40) by computing
vertical, horizontal and corner coefficients for a
sliding mask (50) of a first scale across said window
(40), and

- said second feature extraction module (96) is adapted
for reading pixel wvalues from a second addressable
image buffer (90), of said plurality of addressable
image buffers (88,90,92), and extracting a second set
of feature vectors for said window (40) by computing
vertical, horizontal and corner coefficients for a
sliding mask (52) of a second scale across said

window (40).
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The device according to claim 6, wherein said first and
second feature extraction modules (94 and 96) and said
first and second addressable image buffers (88,90) are
configured such that extraction of the first set of
feature vectors by said first feature extraction module
(94) and extraction of the second set of feature
vectors by said second feature extraction modules (96)

are performed in parallel.

The device according to any of claims 6-7, wherein said
vertical, horizontal and corner coefficients are
obtained by extracting a pixel value of at least one
specified pixel in said sliding masks (50, 52)) of the

first scale and the second scale.

A method for detecting an object in a digital image
(42) using a field programmable gate array (74), said
method comprising:

- receiving pixel values of an input digital image (42)
from an image sensor (72), and writing the received
pixel values on to a plurality of addressable image
buffers (88,90,92),

- reading said pixel wvalues from at least one
addressable image buffer, out of said plurality of
addressable image buffers (88,90,92), and extracting
a plurality of feature vectors for a window (40)
within said digital image (42), and

- performing an arithmetic operation on said extracted
feature vectors and corresponding support vectors
stored in an internal memory means (89), and deciding
the presence of an object in said window (40) based

upon a result of said arithmetic operation.

The method according to claim 9, comprising performing
said feature vector extraction and said arithmetic

operation in parallel.
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The method according to any of claims 9 and 10, further
comprising generation of a tag for said window (40)
upon decision that an object is present in said window
(40) .

The method according to any of claims 9-11, wherein
said arithmetic operation comprises computing a vector
dot product of each feature vector of said window (40)
and the corresponding support vector stored in said
internal memory means (89), and summing up said vector
dot products, wherein presence of an object is decided

if said summation is greater than a threshold value.

The method according to any of claims 9-12, wherein
said window (40) is formed by a sliding rectangular

sized region within said digital image (42).

The method according to any of claims 9-13, wherein
extracting a plurality of feature vectors for said
window (40) comprises:

- reading pixel values from a first addressable image
buffer (88), of said plurality of addressable image
buffers (88,90,92), and extracting a first set of
feature vectors for said window (40) by computing
vertical, horizontal and corner coefficients for a
sliding mask (50) of a first scale across said window
(40), and

- reading pixel values from a second addressable image
buffer (90), of said plurality of addressable image
buffers (88,90,92), and extracting a second set of
feature vectors for said window (40) by computing
vertical, horizontal and corner coefficients for a
sliding mask (52) of a second scale across said

window (40).

The method according to claim 14, wherein said

extraction of the first set of feature vectors and said

PCT/EP2008/055515
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extraction of the second set of feature vectors are

performed in parallel.

le. The method according to any of claims 14 and 15,
wherein said vertical, horizontal and corner
coefficients are obtained by extracting a pixel value
of at least one specified pixel in said sliding masks
(50, 52) of the first scale and the second scale.
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