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METHOD, APPARATUS AND ELECTRONIC DEVICE FOR DETECTING OBJECT
IN AN IMAGE

FIELD OF THE INVENTION

Embodiments of the present invention relate to the field of computer vision, and specifically
to a method, apparatus and electronic device for detecting an object in an image.

BACKGROUND OF THE INVENTION

With the popularity of mobile devices, mobile interactions and services are promoting the
broader usage of computer vision in mobile user interface and mobile solutions. For example,
gesture tracking and recognition is becoming an important interaction enabler for wearable
devices.

However, comparing to human vision, computer vision’s efficiency is still so low that it can
not yet meet the needs of many practical mobile use cases. The main reasons lie in the
following two aspects:

1) Object detection is very timing costly. Unlike human vision which can always searches
objects in the vision field in a parallel way, most of prior art computer vision methods are
searching objects in the traversal way. The traversal schemes have to adopt exhaustive search
steps as objects to be detected are unknown in either scales or orientations.

2) Object identification is not stable and recognition errors happen often. As an object to be
recognized are usually unknown in either scale or orientation, the object can not be
recognized correctly if the model fitting for the object happens to be missed.

It can be seen that on the one hand, a lot of computation in massive exhaustive search is
redundant, and use of the exhaustive search is very time consuming. On the other hand, a
lot of models with different scales and orientations are trained, but there are always some
scales and orientations which cannot be covered, which makes some objects be missed in the
exhaustive search.

SUMMARY OF THE INVENTION

To overcome the above problems in the prior art, embodiments of the present invention are
intended to provide a method, apparatus and electronic device for detecting an object in an
image.

According to an aspect of the present invention, there is provided a method of detecting an



10

15

20

25

30

35

40

WO 2016/012655 PCT/FI12015/050506

object in an image. The method comprises: positioning a first sliding window to a start
sampling point in the image; repetitively executing following steps until completing a
traversal of the image so as to obtain a first group of sampling points including sampling
points positioned by the first sliding window: calculating a response value according to a
matching degree of a pixel point in the first sliding window with respect to a predetermined
feature of the object; determining a position of a next sampling point in the image according
to a predetermined sliding direction, depending on the response value; and positioning the
first sliding window to the next sampling point; and detecting a position of the object
according to the first group of sampling points and their respective response values.
Embodiments of this aspect of the present invention further comprise a respective computer
program product and electronic device.

According to another aspect of the present invention, there is provided an apparatus for
detecting an object in an image. The apparatus comprises: a start sampling point positioning
unit configured to position a first sliding window to a start sampling point in the image; a
repetitive execution unit configured to repetitively execute the following units until
completing a traversal of the image so as to obtain a first group of sampling points including
the sampling point positioned by the first sliding window: a response value calculating unit
configured to calculate a response value according to a matching degree of a pixel point in
the first sliding window with respect to a predetermined feature of the object; a next sampling
point position determining unit configured to determine a position of a next sampling point in
the image according to a predetermined sliding direction, depending on the response value;
and a next sampling point positioning unit configured to position the first sliding window to
the next sampling point; and an object position determining unit configured to detect a
position of the object according to the first group of sampling points and their respective
response values.

It will be appreciated through the following description that according to embodiments of the
present invention, adaptive search is introduced, i.c., determine the position of a next
sampling point in the image depending on the response value, so that the present invention
focuses on potential object regions, avoiding redundant computation on non-object regions,
so as to effectively shorten time for image search and improve the efficiency of the computer
vision.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The above and other objects, features and advantages of embodiments of the present
invention will be made apparent by reading through the following detailed depictions with
reference to figures. In the figures, several embodiments of the present invention are shown
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in an exemplary and non-restrictive manner, wherein:

Fig. 1 is a schematic view of an electronic device in which an embodiment of the present
invention may be implemented;

Fig. 2 is a flow chart of a method of detecting an object in an image according to an
embedment of the present invention;

Fig. 3 is a schematic diagram of determining a position of a next sampling point in the image
depending on a response value according to an embodiment of the present invention;

Fig. 4 is a first schematic diagram of covering a predetermined scale range of the object
through a different number of sliding windows according to an embodiment of the present
invention;

Fig. 5 is a second schematic diagram of covering a predetermined scale range of the object
through a different number of sliding windows according to an embodiment of the present
invention;

Fig. 6 is a third schematic diagram of covering a predetermined scale range of the object
through a different number of sliding windows according to an embodiment of the present
invention;

Fig. 7 is a schematic diagram of covering a predetermined scale range of the object through a
minimum number of sliding windows with a given response value Vo according to an
embodiment of the present invention;

Fig. 8 is a schematic diagram of a specific example having nine sliding windows with a given
response value Vo=0.5 according to an embodiment of the present invention;

Fig. 9 is a schematic diagram of position distribution with a response value equal to 0.5 when
a 80x80 pixel point sliding window approaches an object with the same size according to an
embodiment of the present invention;

Fig. 10 is a schematic diagram of inserting an intermediate sliding window according to an
embodiment of the present invention;

Fig. 11 is a schematic diagram of an apparatus for detecting an object in an image according
to an embedment of the present invention.

In the figures, identical or corresponding reference signs denote identical or corresponding
parts.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, several exemplary embodiments shown in the drawings will be referenced to
describe the principle and spirit of the present invention. It should be understood that these
embodiments are described only for enabling those skilled in the art to better understand and
then further implement the present invention, not intended to limit the scope of the present
invention in any manner.
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As summarized above and discussed in detail hereunder, embodiments of the present
invention provide a method of detecting an object in an image, wherein the term “image”
comprises a still image such as a picture as well as a dynamic image as in a finder frame of a
camera, and wherein the term “object” used herein may comprise an object having a specific
color and a specific shape such as a vehicle as well as an object with a non-specific color and
a non-specific shape such as a human face, and wherein the object (if any) may be located at
any position in the image.

Reference is first made to Fig. 1, in which a block diagram of an electronic device 100 in
which exemplary embodiments of the present invention may be implemented therein is
presented. According to embodiments of the present invention, the electronic device 100 may
be a portable electronic device such as a mobile phone. However, it should be understood that
this is only exemplary and non-limitative. Other types of user device may also casily employ
embodiments of the present invention, such as a personal digital assistant (PDA), a pager, a
mobile computer, a mobile TC, a game device, a laptop computer, a camera, a video camera,
a GPS, or other type of voice and text communication system.

The electronic device 100 may have a communication function. To this end, as shown in the
figure, the electronic device 100 may comprise one or more antennas 112 operable to
communicate with a transmitter 114 and a receiver 116. The electronic device 100 further
comprises at least one processor controller 120. It should be understood that the controller
120 comprises circuits needed for implementing all functions of the electronic device 100.
For example, the controller 120 may comprise a digital signal processor device, a
microprocessor device, an A/D converter, a D/A converter and other support circuits. The
control and signal processing functions of the electronic device 100 are distributed based on
these devices’ respective capabilities. The electronic device 100 may further comprise a user
interface, e.g., a ringer 122, a speaker 124, a loudspeaker 126, a display, or a viewfinder 128
and a keypad 130, all of which are coupled to the controller 120.

In particular, the electronic device 100 comprises a camera 136, a video camera or similar
image acquiring devices for capturing static and/or dynamic images. The electronic device
may also only have another camera, video camera or similar image acquiring device.

Additionally, the electronic device 100 further comprises a battery 134, such as a vibrating
battery pack for supplying power to various circuits needed for operating the electronic
device 100 and alternatively providing a mechanical vibration as a detectable output. The
electronic device 100 may further comprise a user identity module (UIM) 138. The UIM 138
is generally a memory device having an in-built processor. The UIM 138 may, for example,
comprise a subscriber identity module (SIM), a universal integrated circuit card (UICC), a
universal user identity module (USIM), or a removable user identity module (R-UIM), etc.
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The UIM 138 may comprise a card connection detecting module according to embodiments
of the present invention.

The electronic device 100 further comprises a storage device. For example, the electronic
device 100 may comprise a non-volatile memory 140, for example, a non-volatile random
access memory (RAM) in a cache area for temporarily storing data. The electronic device 100
may further comprise other non-volatile memory 142 that may be either in-built or removable.
The non-volatile memory 142 may additionally or alternatively comprise an EEPROM or a
flash memory, etc., as an example. The memory may store any item in a plurality of
information segments and data used by the electronic device 100, so as to perform functions
of the electronic device 100, e.g., functions exemplarily illustrated hereunder with reference
to one or more of Fig. 2 through Fig. 11.

It should be understood that the structural diagram in Fig. 1 is only for the purpose of
illustration, not intended to limit the scope of the present invention. In some cases, some
components may be added or reduced according to the actual needs.

Fig. 2 is a flow chart of a method 200 of detecting an object in an image according to an
embedment of the present invention. It may be appreciated that the method 200 is
implemented by the electronic device described above with reference to Fig. 1, for example,
by a controller 120. For the sake of discussion, the method 200 will be described with
reference to the electronic device 100 shown in Fig. 1.

After the method 200 starts, at step S202, a first sliding window is positioned to a start
sampling point in the image.

Then, the method 200 proceeds to step S204 of repeating the following step until completing
a traversal of the image so as to obtain a first group of sampling points including the
sampling point positioned by the first sliding window:
calculating a response value according to a matching degree of a pixel point in the first
sliding window with respect to a predetermined feature of the object;
determining a position of a next sampling point in the image according to a
predetermined sliding direction, depending on the response value; and
positioning the first sliding window to the next sampling point.

The method 200 proceeds to step S206 of detecting a position of the object according to the
first group of sampling points and their respective response values.

As stated above in Background Art, use of equidistance exhaustive search causes an
efficiency of the computer vision relatively lower. Those skilled in the art may appreciate
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that the so-called equidistance exhaustive search means that a plurality of points are arranged
in an image at a fixed interval (which may be an integer times an interval of pixel points in
the image), the sliding windows are respectively positioned to each of these points to
calculate the response value, and the response value indicates a matching degree of the pixel
point in the sliding window with respect to a predetermined feature of the object. Obviously,
in equidistance exhaustive search, a lot of positioning and calculating steps are redundant so
that use of the exhaustive search is very time consuming.

To solve the problem, embodiments of the present invention introduces adaptive search, i.c.,
determining a position of a next sampling point in the image depending on the response value.
Specifically, in an embodiment in which the response value increases as the matching degree
of the pixel point in the sliding window with respect to a predetermined feature of the object
increases, if the response value as calculated at the position of the current sampling point is
relatively small, this indicates that a probability of the object in or nearby the sliding window
is relatively small.  Hence, if it is determined that the position of a next sampling point
makes a distance between next sampling point and the current sampling point is relatively
longer, i.e., some points between next sampling point and the current sampling point are
excluded to avoid the positioning and calculating steps on these points, image searching time
can be effectively shortened so as to improve the efficiency of computer vision.

Fig. 3 is a schematic diagram of determining a position of a next sampling point in the image
depending on a response value according to an embodiment of the present invention. In Fig.
3, there exist a lot of black dots arranged at a fixed interval, and these black dots may be
understood as corresponding to many sampling points arranged at a fixed interval in the prior
art. Assume that all sampling points (as shown by circled black dot) are selected from these
black dots (although this assumption is not requisite), the above embodiment will be
described in detail by taking sampling points 1, 2 and 3 as an example.

Assume that the sampling point 1 is very far away from the object, so the pixel point in the
first sliding window matches undesirably with the predetermined feature of the object, and
the calculated response value is very small. According to the embodiment of the present
invention, since the response value is very small, it is determined that the position of a next
sampling point 2 makes a distance between next sampling point 2 and the current sampling
point 1 is relatively longer, i.e., a larger number of pixel points (including three black dots)
between the next sampling point 2 and the current sampling point 1 are excluded.

Then, assume that the sampling point 2 is nearby the object, so the pixel point in the first
sliding window matches better with the predetermined feature of the object, and the
calculated response value increases. According to the embodiment of the present invention,
since the response value increases, it is determined that the position of a next sampling point
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3 makes a distance between next sampling point 3 and the current sampling point 2 is
shortened i.e., a smaller number of pixel points (including two black dots) between the next
sampling point 3 and the current sampling point 2 are excluded.

Alternatively or additionally, in some embodiments, the above steps are repeated until
completing a traversal of the image, i.c., the above steps are repeated until all pixel points in
the image all have already been traversed, that is to say, all pixel points have already been
positioned by the first sliding window or excluded in the following excluding manner,
wherein the excluding manner comprises excluding pixel points between the current
sampling point and next sampling point in all pixel points.

Alternatively or additionally, in some embodiments, in order to further shorten time for image
search, more pixel points may be further excluded, for example, all pixel points (including 15
black dots therein) in a dotted line frame where the sampling point 1 lies are excluded,
wherein the dotted line frame is a maximum square frame in a square frame with a distance
between the sampling point 1 and sampling point 2 as an side and including a row and
column where the sampling point 1 lies. In this embodiment, as compared with the
equidistance exhaustive search method in the prior art in which the sampling is performed
216 (namely 18x12) times in Fig. 3, the method according to the embodiment of the present
invention only needs to perform 34 times in Fig. 3 so as to substantially shorten time for
image search and improve the efficiency of the computer vision.

Noticeably, although Fig. 3 shows that a sampling order (namely, a predetermined sliding
direction of the sliding window) of sampling points is from left to right and from up to down,
embodiments of the present invention are not limited to this. Any other sliding directions
such as front right to left and from down to up are possible and should all be introduced in the
protection scope of the present invention.

Noticeably, the embodiments of the present invention are not limited to the case in which
there is only one object applied to the figure. In other words, even though a plurality of
objects exist in the figure, embodiments of the present invention can also determine
efficiently and precisely. For example, in Fig. 3, besides one object possibly existing at a
center, there might exist another object in a right lower corner.

Additionally, those skilled in the art can understand that embodiments for example in which
the response value decreases accordingly as the matching degree of the pixel point in the
sliding window with respect to the predetermined feature of the object increases. In this
embodiment, if the response value calculated at the current sampling point is relatively larger,
this indicates a probability of the object in or nearby the sliding window is relatively smaller.
Hence, if it is determined that the position of a next sampling point makes a distance between
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next sampling point and the current sampling point is relatively longer, i.e., more positioning
and calculating steps of some points between the next sampling point and the current
sampling point are excluded, image searching time can be effectively shortened so as to
improve the efficiency of computer vision.

Alternatively or additionally, in some embodiments, a plurality of response value sections
may be pre-set, wherein each response value section corresponds to a predetermined distance,
respectively, and a predetermined distance corresponding to the response value section with a
larger response value is smaller than a predetermined distance corresponding to the response
value section with a smaller response value. In this embodiment, the position of a next
sampling point may be determined in the following manner depending on the response value.
In this manner, first a response value section to which the response value belongs is
determined from the plurality of preset response value sections, secondly, a predetermined
distance corresponding to the response value section is determined, and finally a position of a
next sampling point is determined according to the determined predetermined distance, i.c.,
enable the distance between next sampling point and the current sampling point to be equal to
or is approximate to the determined predetermined distance. In this embodiment, during
determination of a next sampling point, a correspondence relationship between the response
value section and the predetermined distance is relied on, excessive computation needn’t be
done for the response value, and the distance may be determined only by for example looking
up a table, to effectively shorten time for positioning next sampling point and thereby
effectively shorten time for image search and improve the efficiency of the computer vision.

Alternatively or additionally, in some embodiments, detecting the position of the object
according to the first group of sampling points and respective response values may achieve
the following: determining a response value among these response values greater than a
predetermined response value threshold; determining one or more sampling points from the
first group of sampling points, wherein the one or more sampling points have a response
value greater than the predetermined response value threshold; and determining that the
object is located at the one or more sampling points and a scale of the object equals to or is
approximate to a scale of the first sliding window. Those skilled in the art can appreciate
that this embodiment uses the sliding window with a given scale, the scale of the sliding
window may vary according to needs.

In order to suit object of different sizes, embodiments of the present invention may use the
above sliding method and use sliding windows with different sizes to sequentially slide in the
image. Specifically, these sliding windows with different sizes may be respectively set
according to a predetermined proportion based on the size of the first sliding window,
wherein the predetermined proportion is set to enable a predetermined scale range of the
object can be covered with a minimum number of the plurality of sliding windows, wherein
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the predetermined scale range is usually a scale range of pre-estimating the object in the
image before image processing, ¢.g., from 30 pixel points to 300 pixel points. How to set
the predetermined proportion will be described in detail with reference to Fig. 4 to Fig. 6.

Fig. 4 through Fig. 6 are schematic diagrams about covering the predetermined scale range of
the object through a different number of sliding windows, wherein horizontal coordinate x
represents a scale of the object, and a longitudinal coordinate y represents a response value.
As can be seen from the above, to cover the same predetermined scale range, Fig. 4 uses
seven sliding windows (marked as M1 to M7 respectively), Fig. 5 uses three sliding windows
(marked as M1, M4 and M7 respectively), and Fig. 6 uses two sliding windows (marked as
M1 and M5 respectively).

Obviously, in Fig. 4, since two adjacent sliding windows (e.g., M1 and M2) substantially
overlap therebetween, a lot of redundant positioning and calculating steps exist and thereby
consume a lot of time. However, on the other hand, in Fig. 6, as an uncovered scale scope
exists between the only two sliding windows M1 and MS5, it is possible to cause missed
detection of an object which is right located in the uncovered scale range. As can be seen
from the above, when Fig. 5 uses three appropriate sliding windows M1, M4 and M7 to cover
the predetermined scale range (i.e., a minimum number of sliding windows cover the
predetermined scale range), massive overlapping will not occur and uncovered scale range
does not exist, so that high efficiency of the computer vision and avoidance of missed
detection of objects can be simultaneously considered from on the whole.

Then, the position of the object may be detected according to a plurality of groups of
sampling points and their respective response values. Specifically, it may achieves the
following: determining a response value among these response values greater than a
predetermined response value threshold; determining a second group of sampling point from
the plurality of groups of sampling points, wherein the second group of sampling points
include one or more sampling points having a response value greater than the predetermined
response value threshold; and determining that the object is located at the one or more
sampling points and a scale of the object equals to or is approximate to a scale of the sliding
window associated with the second group of sampling points.

Furthermore, to further avoid missed detection of objects, embodiments of the present
invention further propose inserting an intermediate sliding window between the two adjacent
sliding windows set according to the predetermined proportion. Meanwhile, to still ensure
the high efficiency of the computer vision, this embodiment neither uses the intermediate
sliding window for exhaustive search, nor uses this intermediate sliding window to perform
adaptive search proposed by the embodiment of the present invention (if the adaptive search
is performed, the above-mentioned minimum number will not be satisfied), and uses the



10

15

20

25

30

35

40

WO 2016/012655 PCT/FI12015/050506

intermediate sliding window to only preform positioning and response value calculation at
the sampling point selected from the above already-determined plurality of groups of
sampling points. As such, the missed detection of the objects may be further avoided almost
without adding the time for image search. This embodiment will be describe below in detail
through step (1) through step (4).

Step (1): selecting sampling points whose response values are greater than the predetermined
response value threshold from the plurality of groups of sampling points, wherein the
sampling points are the sampling points already positioned by a respective one of a plurality
of sliding windows and have a respective response value, wherein the predetermined
response value threshold is set to filter smaller values in the response values corresponding to
the plurality of groups of sampling points to avoid using the above manner of inserting the
intermediate sliding window at sampling points corresponding to these smaller values so as to

avoid increasing too much time for image search.

Step (2): positioning an intermediate sliding window to the position of the sampling point,
wherein a proportion of a scale of the intermediate sliding window to a scale of the above
corresponding sliding window is closer to one as compared with the predetermined
proportion. Those skilled in the art may understand considering that the scale of the
plurality of sliding windows might be set to increase gradually or set to decrease gradually,
ie., the predetermined proportion might be greater than one or less than 1, in this
embodiment, setting the proportion of a scale of the intermediate sliding window to a scale of
the above corresponding sliding window to be closer to one as compared with the
predetermined proportion can more clearly define the above intermediate sliding window to

avoid unnecessary confusion.

Step (3): determining the response value calculated according to matching degree of the pixel
point in the intermediate sliding window with respect to the predetermined feature and a
maximum response value in the above corresponding response values.

Step (4): determining that the object is located at the sampling point and a scale of the object
equals to or is approximate to a scale of the sliding window corresponding to the maximum

response value.

Those skilled in the art may understand that the technical content described from step (3) to
step (4) has already been described in the above embodiments of the present invention and
will not be detailed here.

Now, return to the description about how to set the predetermined proportion, wherein the
predetermined proportion may be further set to enable a response value corresponding to the

10
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overlapping portion when two adjacent sliding windows in the above plurality of sliding
windows covers the respective scale range of the object to be greater than or equal to the
predetermined response value threshold used in the above step (2) so that the two adjacent
sliding widows in the plurality of sliding windows can completely cover a respective object
scale (i.e., a portion of object scale will not be missed between two sliding windows), as
shown in Fig. 7.

To make the above embodiments of the present invention transparent, the present invention
further provides a specific embodiment for detecting a human face in an image, which will be
described in detail below.

(1) Determine the number of the sliding windows

In this embodiment, assume that an estimated scale range of the human face in the image is
between 20 pixel points to 240 pixel points, so, for the sliding window proportion 1.2 usually
used by the prior art method, at least 14 sliding windows with different scales (20X 1.28<
240, L=log;212) are needed.

However, referring to Fig. 8, for the method proposed by the embodiment of the present
invention, a sliding window scale 1.34 is used to obtain nine sliding windows with different
scales, which has the same scale range as the prior art method using 14 sliding windows with
different scales. The proportion 1.34 is pre-calculated based on the following minimum risk
conditions, ¢.g., assume that a classifier is used to determine a predetermined response value
threshold to obtain an object missed detection minimum risk, and therefore Vo=0.5 can be
determined in Fig. 7 corresponding to the minimum risk and thereby the proportion 1.34 and
the sliding windows using nine different scales can be determined based on Vo=0.5.

(2) Create a confidence graph corresponding to the sliding window through adaptive search

Regarding the sliding window with a different scale determined in step (1), the embodiment
respectively applies the above adaptive search for each sliding window to create the
confidence graph corresponding to the sliding window so as to obtain the plurality of groups
of sampling points and their respective sampling values.

First, a horizontal step A x and a vertical step Ay are determined. Specifically, these steps
may be based on a scale S of the respective sliding window, and a scale P1, P2 of a maximum
inscribed rectangle in an isogram as determined when the calculated response value equals to
the predetermined response value threshold.  For example:

Ax=P1 XS8X0.5 (pixel points)

Ay=P,XSX0.5 (pixel points)
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Wherein, referring to Fig. 9, P1 and P, are determined by the extending isogram obtained
from response value distribution through a XY plane. In Fig. 9, the ellipse is the isogram
corresponding to a scale (e.g., 80x80 pixel points) of the respective sliding window, and the
isogram uses a value equal to the predetermined response value threshold, namely Vo=0.5.
On this basis, P1=0.09375 and P,=0.0625 can be calculated by making statistics on a testing
set. Then, Ax can be calculated and its integral part is 3, and A y can be calculated and its

integral part is 2.

Correspondence relationship between the plurality of response value sections and the
predetermined distance as shown in the following Table 1 can be built based on the above
determined steps. For example, as for the response values in the response value section 0.15
to 0.3 in x direction, 3 times the step may be used, namely nine pixel points.

Table 1: Correspondence relationship between response value
sections and the predetermined distance

Response value (RV) O<RV=:0.15 | 0.15<RV<:0.3 0.3<RV=<:0.5 | RV>0.5

Distance in x direction AxAx 3xAx 2xAx AX

Distance in y direction AxAy 3xAy 2xAy Ay

Then, as for the above sliding window, if the response value obtained by calculating at a
position of the start sampling point is RV (i, j), wherein (i, j) represents coordinates of the
point. The position of a next sampling point is decided based on this response value, i.c.,
the smaller the response value is, the longer next sampling point is; on the contrary, the larger
the response value is, e.g., greater than the above Vo, the closer next sampling point will be or
18 approximate to the current sampling point. If the sliding window is used to implement the
adaptive search proposed by the embodiment of the present invention across the whole image,
the confidence graph for this sliding window may be built, and the confidence graph may be
as shown in Fig. 3.

(3) Insert the intermediate sliding window

First, selecting sampling points whose response values are greater than the predetermined
response value threshold from the plurality of groups of sampling points. As shown in Fig.
10, assume that the sampling point (i, j) is a black dot in a sliding window S, and the
respective response value is RV (8, 1, j), the predetermined response value threshold is less
than Vo, and it is 0.4 in this embodiment.

Then, the intermediate sliding window S-1 is inserted. The intermediate sliding window S-1
has a larger scale, and a proportion of the scale to the scale of the sliding window S is closer
to one, e.g., equal to 1.1, as compared with the above proportion 1.2. Furthermore, the
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intermediate sampling window S-1 is positioned to the sampling point (i, j) and calculation is
carried out to obtain the respective response value RV (S-1, 1, j).

Assume that RV(S-1,1, j)>>RV (S, i, ), according to the embodiment of the present invention,
it will determined that an object exists at the position of the sampling point (i, j) and a scale
of the object equals to or is approximate to a scale of the intermediate sliding window S-1.

Similarly, an intermediate sliding window S+1 with a smaller scale may be inserted, and its
processing manner is similar to the intermediate sliding window S-1 and will not be detailed
here.

Additionally, the sliding window S may be positioned to the pixel point (i, k) adjacent to the
sampling point (i, j) and calculation is carried out to obtain the respective response value RV
(S, 1, k). Furthermore, assume that RV (S, i, k)>RV (S, i, j), according to the embodiment
of the present invention, it will determined that an object exists at the position of the
sampling point (i, k) and a scale of the object equals to or is approximate to a scale of the
intermediate sliding window S.

(4) Performance comparison
The following comparison results can be obtained by respectively applying the conventional
equidistance exhaustive search and the adaptive search in the embodiment of the present

invention to a MIT+CMU front face test set which includes 130 images.

Table 2: Comparison of results of exhaustive search and adaptive search

Dataset Approach times of sliding Misreported Speedup(times)
windows missed
detection rate

Exhaustive 997860 0.091 1.0

search (average)
MIT+CMU

Adaptive 244610 0.089 2.83

search (average)

As can be seen from Table 2, in the case of similar detection performance, the adaptive search
needs to use the times of using sliding window only about one quarter of the exhaustive
search, and exhibits an operation time 2.83 times faster than the exhaustive search.

To conclude, the present invention has the following advantages: first, first in scale domain, a
minimum number of sliding windows are used to reduce the times of using the sliding
window. Secondly, in space domain, adaptive search is used for each sliding window to
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reduce the number of the sampling points. Finally, better evaluation is executed in the space
domain and the scale domain to ensure performance. Hence, embodiments of the present
invention focus on potential object regions, avoiding redundant computation on non-object
regions, so as to effectively shorten time for image search and improve the efficiency of the
computer vision.

Now referring to Fig. 11, Fig. 11 is a schematic diagram of an apparatus 1100 of detecting an
object in an image according to an embedment of the present invention. As shown in Fig.
11, according to the embodiment of the present invention, the apparatus 1100 comprises: a
start sampling point positioning unit 1102 configured to position a first sliding window to a
start sampling point in the image; a repetitive execution unit 1104 configured to repetitively
execute the following units until completing a traversal of the image so as to obtain a first
group of sampling points including the sampling point positioned by the first sliding window:
a response value calculating unit 11042 configured to calculate a response value according to
a matching degree of a pixel point in the first sliding window with respect to a predetermined
feature of the object; a next sampling point position determining unit 11044 configured to
determine a position of a next sampling point in the image according to a predetermined
sliding direction, depending on the response value; and a next sampling point positioning unit
11046 configured to position the first sliding window to the next sampling point; and an
object position determining unit 1106 configured to detect a position of the object according
to the first group of sampling points and their respective response values.

In some embodiments, the next sampling point position determining unit 11044 is configured
to determine the position of a next sampling point so that a distance between next sampling
point and the current sampling point is longer in the case that the response value is smaller.

In some embodiments, the next sampling point position determining unit 11044 further
comprises a response value section determining unit configured to determine a response value
section to which the response value belongs from a plurality of response value sections,
wherein each of the plurality of response value sections corresponds to a predetermined
distance, wherein a predetermined distance corresponding to the response value section with
a larger response value is smaller than a predetermined distance corresponding to the
response value section with a smaller response value; and a distance determining unit
configured to determine a position of the next sampling point so that the distance between the
next sampling point and the current sampling point is the predetermined distance
corresponding to the response value section to which the response value belongs.

In some embodiments, the predetermined distance corresponding to the response value
section with the larger response value is a first integer times a step, the predetermined
distance corresponding to the response value section with the smaller response value is a
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second integer times the step, and the first integer is smaller than the second integer.

In some embodiments, the step is determined according to at least one of: a scale of the first
sliding window, and a scale of a maximum inscribed rectangle in an isogram as determined
when the calculated response value equals to the predetermined response value threshold.

In some embodiments, the step is an integer times the distance between adjacent pixel points
in the image.

In some embodiments, the predetermined sliding direction is from left to right and from up to
down.

In some embodiments, completing a traversal of the image comprises: all pixel points in the
image have already been positioned by the first sliding window or excluded in the following
excluding manner, wherein the excluding manner comprises excluding pixel points located
between the current sampling point and next sampling point in all pixel points.

In some embodiments, the excluding manner further comprises excluding, from within the all
pixel points, pixel points that are located in a particular square, wherein the particular square
includes the current sampling point, and two perpendicular sides of the particular square start
from the current sampling point, and wherein a length of each side of the particular square is
one or more pixel points less than a distance between the current sampling point and the next
sampling point.

In some embodiments, the response value calculating unit 11042 is configured to calculate
the response value to enable the response value larger in the case that there are more pixel
points in the first sliding window matching the predetermined feature.

In some embodiments, the next sampling point determining unit 11044 is further configured
to other groups of sampling points so as to obtain a plurality of groups of sampling points
including the first group of sampling points, wherein each of the plurality of groups of
sampling points comprises sampling points positioned by a respective one of a plurality of
sliding windows, wherein a scale of each of the plurality of sliding windows is respectively
set based on the scale of the first sliding window and according to a predetermined proportion;
the object position determining unit 1106 is further configured to detect the position of the
object according to the plurality of groups of sampling points and their respective response
values.

In some embodiments, the predetermined proportion is set to enable a predetermined scale
range of the object to be covered with a minimum number of the plurality of sliding
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windows.

In some embodiments, the predetermined proportion being set to enable a predetermined
scale range of the object to be covered with a minimum number of the plurality of sliding
windows comprises: the predetermined proportion is set to cnable a response value
corresponding to an overlapping portion when any two adjacent sliding windows of the
plurality of sliding windows cover the respective scale range of the object to be greater than
or equal to the predetermined response value threshold.

In some embodiments, the apparatus further comprises: a sampling point selecting unit
configured to select sampling points whose response values are greater than the
predetermined response value threshold from the plurality of groups of sampling points,
wherein the sampling points are the sampling points already positioned by a respective one of
a plurality of sliding windows and have a respective response value; a sampling point
positioning unit configured to position an intermediate sliding window to the position of the
sampling point, wherein a proportion of a scale of the intermediate sliding window to a scale
of the respective sliding window is closer to one as compared with the predetermined
proportion; and an response value comparing unit configured to compare the respective
response value with the response value calculated according to matching degree of the pixel
point in the intermediate sliding window with respect to the predetermined feature; the object
position determining unit 1106 is further configured to determine that the object is located at
the sampling point and a scale of the object equals to or is approximate to a scale of the
intermediate sliding window.

It should be appreciated that features described with reference to Fig.1-Fig. 10 also apply to
the apparatus 1100 and therefore will not detailed here.

Furthermore, it should be noted that for the sake of clarity, FIG. 11 does not show some
optional units or sub-units included in the apparatus 1100. Moreover, the term “unit” here
may be either a hardware module or a software unit module. Correspondingly, the apparatus
1100 may be implemented through various manners. For example, in some embodiments, the
apparatus 1100 may be implemented partially or completely by software and/or firmware,
e.g., implemented as a computer program product embodied on a computer readable medium.
Alternatively or additionally, the apparatus 1100 may be implemented partially or completely
based on hardware, e.g., implemented as an integrated circuit (IC), an application-specific
integrated circuit (ASIC), a system on chip (SOC), a field programmable gate array (FPGA),
and the like. The scope of the present invention is not limited in this aspect.

Only for the illustration purpose, several exemplary embodiments of the present invention
have been described above. Embodiments of the present invention may be implemented by
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hardware, software or a combination of the software and combination. The hardware part
may be implemented using a dedicated logic; the software part may be stored in the memory,
executed by an appropriate instruction executing system, €.g., a miCroprocessor or a
dedicatedly designed hardware. In particular, both of the above methods described with
reference to Figs. 1 and 10 may be implemented as a computer program product of detecting
an object in the image, the computer program product being tangibly stored on a
non-transient computer readable medium and including machine executable instructions, the
machine executable instructions, when being executed, causing the machine to perform steps
of the method 200.

Those ordinary skilled in art may understand that the above apparatus and method may be
implemented using a computer-executable instruction and/or included in processor control
code. In implementation, such code is provided on a medium such as magnetic disk, CD or
DVD/ROM, a programmable memory such as read-only memory (firmware), or a data carrier
such as optical or electronic signal carrier. The system of the present invention can be
implemented by a very large scale integrated circuit or gate array, semiconductor such as
logic chips and transistors, or hardware circuitry of programmable hardware devices like field
programmable gate arrays and programmable logic devices, or implemented by various kinds
of processor-executable software, or implemented by a combination of the above hardware
circuits and software, such as firmware.

It is to be understood that although several units or sub-units of the apparatus have been
mentioned in the above detailed description, such division is merely exemplary and not
mandatory. In fact, according to embodiments of the present invention, the features and
functions of two or more modules described above may be embodied in one module. On the
contrary, the features and functions of one module described above may be embodied by a
plurality of modules. In addition, although in the accompanying drawings operations of the
method of the present invention are described in specific order, it is not required or suggested
these operations be necessarily executed in the specific order or the desired result should be
achieved by executing all illustrated operations. On the contrary, the steps depicted in the
flowcharts may change their execution order. Additionally or alternatively, some steps may be
omitted, a plurality of steps may be combined into one step for execution, and/or one step
may be decomposed into a plurality of steps for execution.

Although the present invention has been described with reference to several embodiments, it
is to be understood the present invention is not limited to the embodiments disclosed herein.
The present invention is intended to embrace various modifications and equivalent
arrangements comprised in the spirit and scope of the appended claims. The scope of the
appended claims accords with the broadest interpretation, thereby embracing all such
modifications and equivalent structures and functions.
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Claims:

1. A method of detecting an object in an image, comprising:
positioning a first sliding window to a start sampling point in the image;
repetitively executing following steps until completing a traversal of the image so as to
obtain a first group of sampling points including sampling points positioned by the first
sliding window:
calculating a response value according to a matching degree of a pixel point in the
first sliding window with respect to a predetermined feature of the object;
determining a position of a next sampling point in the image according to a
predetermined sliding direction, depending on the response value; and
positioning the first sliding window to the next sampling point; and
detecting a position of the object according to the first group of sampling points and
their respective response values.

2. The method according to claim 1, wherein the determining a position of a next
sampling point in the image according to a predetermined sliding direction, depending on the
response value, comprises: determining the position of the next sampling point so that a
distance between the next sampling point and a current sampling point is longer in the case
that the response value is smaller.

3. The method according to claim 2, wherein the determining a position of a next
sampling point in the image according to a predetermined sliding direction, depending on the
response value, further comprises:

determining a response value section to which the response value belongs from a
plurality of response value sections, wherein each of the plurality of response value sections
corresponds to a predetermined distance, wherein a predetermined distance corresponding to
the response value section with a larger response value is smaller than a predetermined
distance corresponding to the response value section with a smaller response value; and

determining a position of the next sampling point so that the distance between the next
sampling point and the current sampling point is the predetermined distance corresponding to
the response value section to which the response value belongs.

4. The method according to claim 3, wherein the predetermined distance corresponding
to the response value section with the larger response value is a first integer times a step, the
predetermined distance corresponding to the response value section with the smaller response
value is a second integer times the step, and the first integer is smaller than the second
integer.

5. The method according to claim 4, wherein the step is determined according to at least
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one of: a scale of the first sliding window, and a scale of a maximum inscribed rectangle in an
isogram as determined when the calculated response value equals to a predetermined

response value threshold.

6. The method according to claim 4, wherein the step is an integer times the distance
between adjacent pixel points in the image.

7. The method according to claim 1, wherein the predetermined sliding direction is from
left to right and from up to down.

8. The method according to claim 1, wherein completing a traversal of the image
comprises: all pixel points in the image have already been positioned by the first sliding
window or excluded in the following excluding manner, wherein the excluding manner
comprises excluding pixel points located between the current sampling point and the next
sampling point in all pixel points.

9. The method according to claim 8, wherein the excluding manner further comprises
excluding, from within the all pixel points, pixel points that are located in a particular square,
wherein the particular square includes the current sampling point, and two perpendicular
sides of the particular square start from the current sampling point, and wherein a length of
cach side of the particular square is one or more pixel points less than a distance between the
current sampling point and the next sampling point.

10. The method according to claim 1, wherein the calculating the response value
according to a matching degree of a pixel point in the first sliding window with respect to a
predetermined feature comprises: calculating the response value to enable the response value
larger in the case that there are more pixel points in the first sliding window matching the
predetermined feature.

11. The method according to any of claims 1-10, wherein after determining the first
group of sampling points, the method further comprises:

determining other groups of sampling points so as to obtain a plurality of groups of
sampling points including the first group of sampling points, wherein each of the plurality of
groups of sampling points comprises sampling points positioned by a respective one of a
plurality of sliding windows, wherein a scale of each of the plurality of sliding windows is
respectively set based on the scale of the first sliding window and according to a
predetermined proportion;

detecting the position of the object according to the plurality of groups of sampling

points and their respective response values.
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12. The method according to claim 11, wherein the predetermined proportion is set to
enable a predetermined scale range of the object to be covered with a minimum number of
the plurality of sliding windows.

13. The method according to claim 12, wherein the predetermined proportion being set
to enable a predetermined scale range of the object to be covered with a minimum number of
the plurality of sliding windows comprises: the predetermined proportion is set to enable a
response value corresponding to an overlapping portion when any two adjacent sliding
windows of the plurality of sliding windows cover the respective scale range of the object to
be greater than or equal to a predetermined response value threshold.

14. The method according to claim 11, wherein the detecting the position of the object
according to the plurality of groups of sampling points and their respective response values
comprises:

selecting sampling points whose response values are greater than a predetermined
response value threshold from the plurality of groups of sampling points, wherein the
sampling points are the sampling points already positioned by a respective one of the
plurality of sliding windows and have corresponding response values;

positioning an intermediate sliding window to the position of the sampling point,
wherein a proportion of a scale of the intermediate sliding window to a scale of the respective
sliding window is closer to one as compared with the predetermined proportion;

comparing the respective response value with the response value calculated according to
matching degree of the pixel point in the intermediate sliding window with respect to the
predetermined feature; and

determining that the object is located at the sampling point and a scale of the object
equals to or is approximate to a scale of the intermediate sliding window.

15. An apparatus for detecting an object in an image, comprising:

a start sampling point positioning unit configured to position a first sliding window to a
start sampling point in the image;

a repetitive execution unit configured to repetitively execute following units until
completing a traversal of the image so as to obtain a first group of sampling points including
the sampling point positioned by the first sliding window:

a response value calculating unit configured to calculate a response value according
to a matching degree of a pixel point in the first sliding window with respect to a
predetermined feature of the object;

a next sampling point position determining unit configured to determine a position
of a next sampling point in the image according to a predetermined sliding direction,
depending on the response value; and

a next sampling point positioning unit configured to position the first sliding
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window to the next sampling point; and
an object position determining unit configured to detect a position of the object
according to the first group of sampling points and their respective response values.

16. The apparatus according to claim 15, wherein the next sampling point position
determining unit is configured to determine the position of the next sampling point so that a
distance between the next sampling point and a current sampling point is longer in the case

that the response value is smaller.

17. The apparatus according to claim 16, wherein the next sampling point position
determining unit further comprises:

a response value section determining unit configured to determine a response value
section to which the response value belongs from a plurality of response value sections,
wherein each of the plurality of response value sections corresponds to a predetermined
distance, wherein a predetermined distance corresponding to the response value section with
a larger response value is smaller than a predetermined distance corresponding to the
response value section with a smaller response value; and

a distance determining unit configured to determine a position of the next sampling
point so that the distance between the next sampling point and the current sampling point is
the predetermined distance corresponding to the response value section to which the response
value belongs.

18. The apparatus according to claim 17, wherein the predetermined distance
corresponding to the response value section with the larger response value is a first integer
times a step, the predetermined distance corresponding to the response value section with the
smaller response value is a second integer times the step, and the first integer is smaller than

the second integer.

19. The apparatus according to claim 18, wherein the step is determined according to at
least one of: a scale of the first sliding window, and a scale of a maximum inscribed rectangle
in an isogram as determined when the calculated response value equals to a predetermined

response value threshold.

20. The apparatus according to claim 18, wherein the step is an integer times the
distance between adjacent pixel points in the image.

21. The apparatus according to claim 15, wherein the predetermined sliding direction is
from left to right and from up to down.

22. The apparatus according to claim 15, wherein completing a traversal of the image
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comprises: all pixel points in the image have already been positioned by the first sliding
window or excluded in the following excluding manner, wherein the excluding manner
comprises excluding pixel points located between the current sampling point and the next
sampling point in all pixel points.

23. The apparatus according to claim 22, wherein the excluding manner further
comprises excluding, from within the all pixel points, pixel points that are located in a
particular square, wherein the particular square includes the current sampling point, and two
perpendicular sides of the particular square start from the current sampling point, and wherein
a length of each side of the particular square is one or more pixel points less than a distance
between the current sampling point and the next sampling point.

24. The apparatus according to claim 15, wherein the response value calculating unit is
configured to calculate the response value to enable the response value larger in the case that
there are more pixel points in the first sliding window matching the predetermined feature.

25. The apparatus according to any of claims 15-24, wherein

the next sampling point determining unit is further configured to determine other groups
of sampling points so as to obtain a plurality of groups of sampling points including the first
group of sampling points, wherein each of the plurality of groups of sampling points
comprises sampling points positioned by a respective one of a plurality of sliding windows,
wherein a scale of each of the plurality of sliding windows is respectively set based on the
scale of the first sliding window and according to a predetermined proportion;

the object position determining unit is further configured to detect the position of the
object according to the plurality of groups of sampling points and their respective response
values.

26. The apparatus according to claim 25, wherein the predetermined proportion is set to
enable a predetermined scale range of the object to be covered with a minimum number of

the plurality of sliding windows.

27. The apparatus according to claim 26, wherein the predetermined proportion being set
to enable a predetermined scale range of the object to be covered with a minimum number of
the plurality of sliding windows comprises: the predetermined proportion is set to enable a
response value corresponding to an overlapping portion when any two adjacent sliding
windows of the plurality of sliding windows cover the respective scale range of the object to
be greater than or equal to a predetermined response value threshold.

28. The apparatus according to claim 25, further comprising:
a sampling point selecting unit configured to select sampling points whose response
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values are greater than a predetermined response value threshold from the plurality of groups
of sampling points, wherein the sampling points are the sampling points already positioned
by a respective one of the plurality of sliding windows and have a respective response value;

a sampling point positioning unit configured to position an intermediate sliding window
to the position of the sampling point, wherein a proportion of a scale of the intermediate
sliding window to a scale of the respective sliding window is closer to one as compared with
the predetermined proportion; and

an response value comparing unit configured to compare the respective response value
with the response value calculated according to matching degree of the pixel point in the
intermediate sliding window with respect to the predetermined feature;

the object position determining unit is further configured to determine that the object is
located at the sampling point and a scale of the object equals to or is approximate to a scale of
the intermediate sliding window.

29. A computer program product of detecting an object in an image, the computer
program product being tangibly stored on a non-transient computer readable medium and
including machine executable instructions, the machine executable instructions, when being
executed, causing the machine to perform steps of the method according to any of claims 1 to
14.

30. An electronic device comprising a memory and a processor, wherein the processor is
configured to perform the method according to any of claims 1 to 14.
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