
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date W O 2014/182156 A l
13 November 2 0 14 (13.11.2014) W P O P C T

(51) International Patent Classification: berjaya, Selangor (MY). OOI CHEE PUN; c/o Multime
G06T 7/20 (2006.01) dia University, Persiaran Multimedia, 63 100 Cyberjaya,

Selangor (MY).
(21) International Application Number:

PCT/MY20 14/000083 (74) Agent: H. A . RASHH), Ahmad Fadzlee; Ipvolusi Sdn
Bhd, A-6-6, Centrio Pantai Hillpark, No. 1, an Pantai

(22) International Filing Date: Murni, 59200 Kuala Lumpur (MY).
28 April 2014 (28.04.2014)

(81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,

(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(30) Priority Data: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PI 2013700746 8 May 2013 (08.05.2013) MY HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(71) Applicants: MIMOS BERHAD [MY/MY]; Technology KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

Park Malaysia, 57000 Kuala Lumpur (MY). MULTIME¬ MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

DIA UNIVERSITY [MY/MY]; c/o Multimedia Univer OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

sity, Persiaran Multimedia, 63 100 Cyberjaya, Selangor SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(MY). TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(72) Inventors: SHAHIRINA BINTI MOHD TAHIR; c/o
Mimos Berhad, Technology Park Malaysia, 57000 Kuala (84) Designated States (unless otherwise indicated, for every

Lumpur, W.P. Kuala Lumpur (MY). ETTIKAN KAN- kind of regional protection available): ARIPO (BW, GH,

DASAMY A L KARUPPIAH; c/o Mimos Berhad, Tech GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

nology Park Malaysia, 57000 Kuala Lumpur, W.P. Kuala UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,Lumpur (MY). ONG PENG SHEN; c/o Mimos Berhad,

Technology Park Malaysia, 57000 Kuala Lumpur, W.P. EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,Kuala Lumpur (MY). CHANG YOONG CHOON; c/o

Multimedia University, Persiaran Multimedia, 63 100 Cy

[Continued on nextpage]

(54) Title: A SYSTEM AND METHOD FOR DETECTING AN OBJECT

I < »)

FIG. 1

(57) Abstract: The present invention relates to a system and method for detecting an object. The system and method reduce the
amount of computations needed in detecting and tracking the moving object by predicting the motion of the object in the following
frames. Thus, the system (1000) is able to focus on computing a portion of the frame where the object has been predicted to be in.
The system (1000) comprises of an image acquisition module ( 1100), a buffering module (1200), a pre-processor (1300), an image
sub-segmenting module (1400), an image sub-segment module (1500), a main processor (1600), an object feature extracting module
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A SYSTEM AND METHOD FOR DETECTING AN OBJECT

FIELD OF INVENTION

The present invention relates to a system and method for image processing.

More particularly, the present invention relates to a system and method for detecting

an object in a video by predicting motion of the object.

BACKGROUND OF THE INVENTION

In video monitoring systems, moving object detection and tracking are used

for visual based fall detection, intrusion detection, traffic monitoring, vehicle

navigation, and etc. However, moving object detection and tracking requires large

amount of computation resources to check all pixels in current and previous video

frames to determine motion of an object. Such computation resources need to

compute correlation or convolution on the video frames at high resolution.

Moreover, processing time of the object detection is closely related to the

computation resources, wherein a slower computation resources cause a delay in

detecting and tracking the object as the computation resources needs to

sequentially compute one frame at a time. This is not viable for detecting and

tracking a moving object in real time.

In regard to this, US Patent Publication No. 2009/0245586 discloses an

image processing apparatus and method for real-time motion detection, wherein

motion information of currently input image is extracted and processed in real time

using a hardware based method rather than a software based method. The image

processing method includes receiving and sub-sampling a current image and a

plurality of previous images, performing census transform on each of the sub-

sampled images to obtain a census vector, calculating and comparing correlation

values between the current image and the plurality of previous images based on

the census vector and detecting a region having highest correlation, and tracking

positions of pixels corresponding to the region having the highest correlation to

detect motion information in the images.

However, such apparatus and method may still present a delay in

continuously tracking and detecting moving object as it needs to process one



frame and correlate it with the previous frames before processing the next frame.

There is also a risk of losing critical details in the images as the images have to be

sub-sampled before further processing. Besides that, as every single pixel needs

to be processed, the resources and power of the apparatus may not be efficiently

utilized especially when there is minimal motion of the object detected.

Therefore, there is a need to provide a system and method for detecting an

object that address the above mentioned drawbacks.

SUMMARY OF INVENTION

The present invention provides to a system (1000) for detecting an object.

The system (1000) comprises an image acquisition module (1100) for acquiring video

frames, a buffering module (1200) for temporarily storing the video frames, a pre¬

processor (1300) for performing pre-processing functions on the video frames, a

main processor (1600) for performing foreground detection, foreground grouping,

morphological process and noise filtering, and an object feature extracting module

(1700) for extracting features of the object. Moreover, the system (1000) is

characterised in that it further includes an image sub-segmenting module (1400) for

dividing a frame into multiple image blocks of equal size by using predicted

information; an image sub-segment module (1500) for selecting the image blocks to

be processed by the main processor (1600) and labelling each selected image block

with a priority level to define the sequence of processing; a predictive module (1800)

for estimating size and location of the object for the following frame based on

features of the object retrieved; and an object and priority evaluator (1900) for

adjusting priority level of the selected image block.

Preferably, the image sub-segmenting module (1400) includes a sub-segment

size calculator (1410) for determining the size of each block; and an image divider

(1420) for dividing a frame into multiple blocks based on the size determined by the

sub-segment size calculator (1410).

Preferably, the image sub-segment selecting module (1500) includes an

image blocks identifying and prioritizing unit (1510) for identifying the image blocks

having border regions and interior regions and labelling the identified blocks with

priority level; an object appearance blocks identifier (1520) for selecting the image



blocks based on the predicted information; and an image overlapped checker (1530)

for removing duplicated image blocks selected by the image blocks identifying and

prioritizing unit (1510) and the object appearance blocks identifier (1520). Moreover,

the image blocks identifying and prioritizing unit (1510) further includes a border

blocks identifier (1511) for identifying image blocks having border regions; an interior

block identifier (1512) for identifying image blocks having interior regions; and an

image blocks priority labeller (1513) for labelling a priority level for each identified

image blocks based on priority level for each region as determined by the object

frequency and priority evaluator (1900).

Preferably, the object frequency and priority evaluator (1900) comprises an

object entry counter (1910) for determining frequency of an object entering into the

video frames through each border region; and a region priority labelling unit (1920)

for adjusting the priority level for each border region.

The present invention also provides a method for detecting an object. The

method is characterised by the steps of acquiring video frames; performing a series

of image pre-processing functions; buffering the pre-processed video frames;

performing pre-processing functions to the buffered video frames; retrieving user

defined parameters and system parameters, wherein the user defined parameters

relates to information of the border and interior regions in the frames and the system

parameters relates to information on the available resources of a system; dividing

each frame into multiple image blocks of equal size by using predicted information;

selecting the image blocks to be processed, wherein each selected block is labelled

with a priority level to define the sequence of processing; performing foreground

detection, foreground grouping, morphological process and noise filtering on each

selected image block in sequence as defined by its priority level; extracting features

of the object in each selected image block; adjusting the priority level of the selected

image blocks; and estimating size and location of the object for the following frame

based on features of the object retrieved from a current frame.

Preferably, the step of dividing each frame into multiple image blocks includes

retrieving the system parameter values and predicted information; determining the

size of each image block; retrieving a frame; and dividing the frame into multiple

image blocks based on the determined size. The step of determining the size of each



image block suitably includes determining maximum block size based on the

allocated memory for each processing element; determining minimum block size

based on video resolution and the object size; and determining an optimum block

size based on number of processing elements.

Preferably, the step of selecting the image blocks includes performing

selection based on user defined regions and predicted information; and combining

the selected image blocks and removing duplicated selection of image blocks based

on user defined regions and predicted information. Moreover, the step of performing

selection based on user defined regions further includes retrieving the image blocks,

border region information, and interior region information; identifying the image

blocks having the border regions; identifying the image blocks having the interior

regions; retrieving the priority level for each region; and labelling the priority level for

each identified image blocks based on the priority level for each region. Moreover,

the step of performing selection based on predicted information further includes

retrieving predicted information; and selecting the image blocks based on the

predicted information, wherein the selected image blocks have the highest possibility

to locate the object of interest based on the predicted information.

Preferably, the step of adjusting the priority level of the selected image blocks

includes determining whether the system (1000) is running for the first time and

whether the system (1000) has been reset; retrieving pre-defined priority level for

each region if the system (1000) is running for the first time or the system (1000) has

been reset; determining whether an object has been detected; retrieving previously

defined priority level if there is no object detected; retrieving features of the object if

an object has been detected; retrieving information relating to the border regions and

interior regions; identifying the region from which the object entered into the frame

based on its location information; increasing count value for the identified region by

one; determining the region with the highest number of object entered; reducing

priority level of all regions having a priority level higher than the identified region by

one; and setting the priority level of the identified region to the highest priority level.



BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part

of the specification, illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.

FIG. 1 shows a block diagram of a system (1000) for detecting an object according to

an embodiment of the present invention.

FIG. 2 shows a block diagram of an image sub-segmenting module (1400) of the

system (1000) of FIG. 1.

FIG. 3 shows a block diagram of an image sub-segment selecting module (1500) of

the system ( 000) of FIG. 1.

FIG. 4 shows a block diagram of an object frequency and priority evaluator (1900) of

the system (1000) of FIG. 1.

FIGS. 5(a-b) show exemplary video frames of an object detected by the system

(1000) of FIG. 1.

FIGS. 6(a-b) show exemplary video frames of an object entering the video frames.

FIG. 7 shows a block diagram of a surveillance system (2000) integrated with the

system ( 1000) of FIG. 1.

FIG. 8 shows a flowchart of a method for detecting an object according to an

embodiment of the present invention.

FIG. 9 shows a flowchart of sub-steps of segmenting a frame into multiple blocks of

the method of FIG. 8.

FIG. 10 shows a flowchart of sub-steps of selecting image blocks of the method of

FIG. 8.



FIG. 11(a-b) show flowcharts of sub-steps of adjusting the priority level of the

selected image blocks of the method of FIG. 8.

DESCRIPTION OF THE PREFFERED EMBODIMENT

A preferred embodiment of the present invention will be described herein

below with reference to the accompanying drawings. In the following description, well

known functions or constructions are not described in detail since they would obscure

the description with unnecessary detail.

Referring to FIG. 1, there is shown a system (1000) for detecting an object

according to an embodiment of the present invention. The system (1000) provides a

fast detection of a moving object in a video. Moreover, the system (1000) reduces the

amount of computations needed in detecting and tracking the moving object by

predicting the motion of the object in the following frames. Thus, the system (1000) is

able to focus on computing a portion of the frame where the object has been

predicted to be in. The system (1000) comprises of an image acquisition module

(1100), a buffering module (1200), a pre-processor (1300), an image sub-segmenting

module (1400), an image sub-segment selecting module (1500), a main processor

(1600), an object feature extracting module (1700), a predictive module (1800) and

an object and priority evaluator (1900).

The image acquisition module (1100) is used to acquire video frames from

either an imaging sensor or a multi-port memory. Moreover, the image acquisition

module (1100) is used to conduct a series of image pre-processing functions such

as, but not limited to data format conversion, high-pass or low-pass filtering, white

balancing, contrast adjustment and/or any other functions known in the art to

enhance the image data of the video frames.

The buffering module (1200) is used to temporarily store the video frames

from the image acquisition module (1100) for processing. The buffering module

(1200) includes one or more banks of memory for temporarily storing the frames. The

buffering module is connected to the image acquisition module (1100) and the pre¬

processor (1300).



The pre-processor (1300) is used perform pre-processing functions to the

frames extracted from the buffering module (1200). Such pre-processing functions

can either be the same image pre-processing functions as conducted by the image

acquisition module (1100), or a partial of the image pre-processing functions as

conducted by the image acquisition module (1100), or totally different functions from

the image pre-processing functions conducted by the image acquisition module

(1100) such as image conversion, image smoothing, edge detection and edge

enhancement.

The image sub-segmenting module (1400) is used to divide a frame into

multiple blocks of equal size by using predicted information provided by the predictive

module (1800). The frame is equally divided into multiple blocks so that each

processing element (PE) of the main processor (1600) receives the same amount of

data and thus, each PE would require similar processing time which reduces the

need for synchronization between each PE. Although the size of each block in a

frame is similar, the size of each block in one frame may be differ from the size of

each block in another frame as the size of each block depends on the predicted

information for each frame. The image sub-segmenting module (1400) is connected

to the pre-processor (1300), the predictive module (1800) and the image sub-

segment selecting module (1500).

As shown in FIG. 2, the image sub-segmenting module (1400) includes a

sub-segment size calculator (1410) and an image divider (1420). The sub-segment

size calculator (1410) is used to determine the size of each block so that the

minimum number image blocks are able to cover the object detection and to reduce

number of PEs required to process the image blocks. The size of each block is

determined based on system parameters such as image resolution and allocated

memory size for each PE and predicted information such as the object's size and

location. At one circumstances, the maximum block size is determined based on the

allocated memory for each PE; the minimum block size is determined based on the

video resolution and detected object size; and the optimum size is determined based

on the number of PEs and the value is expected to be in between the minimum and

maximum block size. The image divider (1420) is used to retrieve a frame and divide

the frame into multiple blocks having the size determined by the sub-segment size

calculator (1410). FIGS. 5(a-b) show exemplary video frames segmented into image



blocks. In FIG. 5a, an object is covered by four image blocks whereas the object in

FIG. 5b is covered by only one image block. Thus, if the size of each block is wisely

calculated based on the size and location of the object, the amount of data required

to detect the object can be minimized. For instance, the size of each image sub-

blocks (30) of FIG. 5a can be made smaller so that despite more image blocks are

needed to cover the object, each sub-block actually consists of less data and the

total amount of data needed to cover the object can be reduced.

The image sub-segment selecting module (1500) is used to select the blocks

to be processed by the main processor (1600) with the objective of reducing the

redundancy of the image data. Each selected block is labelled with a priority level to

define the sequence of processing. As shown in FIG. 3, the image sub-segment

selecting module (1500) comprises of an image blocks identifying and prioritizing unit

(1510), an object appearance blocks identifier (1520), and an image overlapped

checker (1530).

In each frame, there are two different types of regions which include border

regions and interior regions. The border regions cover the border of the scene and

possess high possibility of an object entering the scene captured by the frames. The

interior regions cover the entry point location within the frames such as doors,

windows, lifts and etc. As shown in FIG. 6a, the frame has four border regions (10a,

10b, 10c, and 0d) while another frame as shown in FIG. 6b has one interior region

(20) which is the location of a door within the frame. The border and interior regions

are subjective to changes depending on the field of view of the imaging sensor

capturing the frames. For instance, the border regions in FIG. 6a can be the left and

top borders (10a, 10b) only.

The image blocks identifying and prioritizing unit (1510) is used to identify the

blocks in the frame that contain the border regions and interior regions and also to

label those identified blocks with priority level. The image blocks identifying and

prioritizing unit (1510) further includes a border blocks identifier (1511), an interior

block identifier (1512) and an image blocks priority labeller (1513). The border blocks

identifier (1511) is used to identify the blocks that contain the border regions. For

instance, with reference to FIG. 5a, image blocks 30a, 30b, 30c, 30d and 30e are

identified as containing the border regions, wherein the border regions are left and



top borders (10a, 10b) only. The interior blocks identifier (1512) is used to identify the

image blocks that contain the interior regions. For instance, with reference to FIG.

5b, block 30f is identified as containing an interior region (20). Based on the

identified blocks from the border blocks identifier (1511) and the interior block

identifier (1512), the image blocks priority labeller (1513) retrieves and labels the

priority level based on the priority level for each region as determined by the object

frequency and priority evaluator (1900).

The object appearance blocks identifier (1520) is used to select blocks based

on the predicted information provided by the predictive module (1800). In particular,

the object appearance blocks identifier (1520) maps the predicted location of a

moving object to the image blocks of the current frame and thereon, selects the

image blocks having the predicted location of the moving object. Thus, the selected

image blocks should have the highest possibility to locate the object of interest based

on the predicted information.

The image overlapped checker (1530) is used to find and remove duplicated

image blocks selected by both image blocks identifying and prioritizing unit (1510)

and object appearance blocks identifier (1520). In particular, if the image blocks

identifying and prioritizing unit (1510) and the object appearance blocks identifier

(1520) select the same image block, the image overlapped checker (1530) eliminates

the duplication of the selected image block by removing the image block selected by

either the image blocks identifying and prioritizing unit (1510) or the object

appearance blocks identifier (1520) while retaining the selected image block from the

other.

The main processor ( 600) includes multiple processing elements or PEs (not

shown), wherein the processing element are configured to perform foreground

detection, foreground grouping, morphological process, noise filtering and/or any

other image processing functions on the selected image blocks as defined by its

priority level. The processing element performs the image processing functions in

parallel, wherein one processing element performs image processing function on one

selected image block while another processing element image processing function

performs on another selected image block at the same time. Suitably, the processing

elements are created by routing configurable logics to perform the image processing



functions. The main processor (1600) is connected to the image sub-segment

selecting module (1500) and the object feature extracting module (1700).

The object feature extracting module (1700) is used to detect moving objects

in each selected image block and thereon, extract features of each moving object

detected. The extracted features include centre of mass, width, height, and the

number of pixels covered, spatial coordinates and any other information which could

be useful in representing the object. Those features are stored in a memory.

The predictive module (1800) is configured to estimate size and location of

the object for the following frame based on features of the object retrieved from the

current frame by the object feature extracting module (1700). The features retrieved

from the current frame include size, location, trajectory and etc. The predictive

module (1800) is connected to the image sub-segmenting module (1400), the image

sub-segment selecting module (1500) and the object feature extracting module

(1700).

The object frequency and priority evaluator (1900) is used to adjust the

priority level of the selected image block. The object frequency and priority evaluator

(1900) is connected to the object feature extracting module (1700) and the image

sub-segment selecting module (1500).

As shown in FIG. 4 , the object frequency and priority evaluator (1900)

comprises an object entry counter (1910) and a region priority labelling unit (1920).

The object entry counter (1910) is used to determine the frequency of an object

entering into the frames through each border region. For instance, by referring to

FIG. 6a, if an object enters into the frames through a first border region (10a), the

object entry counter (1910) increases the count value for the first border region (10a)

by one. If the count value exceeds a predefined threshold, the count value is reset to

a new value with their combination preserving the current priority arrangement of

each region. This is to avoid the counter values from overflowing due to the limited

number of bits allocated.

The region priority labelling unit (1920) is used to adjust the priority level for

each border region. The priority level for each border region is initially predefined



based on any algorithm known in the art or any random number generation. The

region priority labelling unit (1920) adjusts the predefined priority level of each border

region based on the frequency of objects entering from each border region of the

frames. As an example, by referring to FIG. 6a, if the first border region (10a) has the

highest number of objects entering into the frames, the first border region (10a) is set

to the highest priority level, whereas the other border regions (10b, 10c, 10d) that

have a higher predefined priority level than the first border region (10a) is reduced by

one.

Referring now to FIG. 7 , there is shown an exemplary implementation of the

system (1000) of FIG. 1 as a subsystem of a surveillance system (2000). The

surveillance system (2000) comprises of a user input module (2100) for manually

configure the surveillance system (2000); a power sensor (2200) to monitor the

power status of the surveillance system (2000); an image sensor (2300) to capture a

video of a scene; a processor (2400) to coordinate the processes of each component

in the surveillance system (2000); a reconfigurable hardware (2500) to conduct the

image processing; a display (2600) to view the results; a configuration file storage

(2700) to store a hardware configuration file which includes logic configurations,

number of processing elements, allocated memories for each PE, pre-initialized

values and etc.; a multi-port memory (2800) to store image data and to serve as a

shared memory among the operating components. The system (1000) of FIG. 1 is

integrated in the reconfigurable hardware (2500). The system (1000) retrieves video

frames from either the image sensor (2300) or the multi-port memory (2800), and the

hardware configuration file from the configuration file storage (2700). Thereon, the

system (1000) performs object detection and tracking on the retrieved frames and

outputs the results on the display (2600).

Referring to FIG. 8, there is shown a flowchart of a method for detecting an

object by using the system (1000) of FIG. 1. Initially, as in step 102, the image

acquisition module (1100) acquires video frames. The image acquisition module

(1100) also performs a series of image pre-processing functions such as, but not

limited to data format conversion, high-pass or low-pass filtering, white balancing,

contrast adjustment and/or any other functions known in the art to enhance the

image data of the video frames. The video frames are then buffered by the buffering

module (1200).



In step 104, the pre-processor (1300) performs pre-processing functions to

the frames extracted from the buffering module (1200). Such pre-processing

functions can either be the same image pre-processing functions as conducted by

the image acquisition module (1100), or a partial of the image pre-processing

functions as conducted by the image acquisition module (1100), or totally different

functions from the image pre-processing functions as conducted by the image

acquisition module (1100).

In step 106, user defined parameters and system parameters are retrieved,

wherein the user defined parameters relates to information of the border and interior

regions in the frames while the system parameters relates to information on the

available resources of the system such as the memory capacity, image resolution,

number of PEs and etc.

In step 108, the image sub-segmenting module (1400) divides each frame

into multiple blocks of equal size by using predicted information provided by the

predictive module (1800). Although the size of each block in a frame is similar, the

size of each block in one frame may be differ from the size of each block in another

frame as the size of each block depends on the predicted information for each frame.

The sub-steps of dividing each frame into multiple blocks are shown in FIG. 9. The

sub-steps are initiated by retrieving the system parameter values such as the image

resolution and allocated memory size for each processing element and retrieving

predicted information such as the object size and location as in sub-step 202.

Thereon, as in sub-step 204, the sub-segment size calculator (1410) determines the

size of each block by determining maximum block size based on the allocated

memory for each PE, determining the detected object size and the minimum block

size based on the video resolution, and determining the optimum size based on the

number of PEs. The optimum size block is in between the minimum and maximum

block size and it is stored in the memory as in sub-step 206. For instance,

considering a grayscale frame having a resolution size of 640 by 480 pixels, and the

system (1000) having 16 PEs with each PE allocated with 1,000,000 bits of memory;

the sub-segment size calculator (1410) determines the maximum block size by

dividing the frame into 4 image blocks with 76,800 pixels for each block, wherein

each block would occupy 614,400 bits of memory in each PE as it is a grayscale



image (8 bits per pixel). The system (1000) must not occupy all memory in each PE

as other processes may occupy the memory. Thereon, the sub-segment size

calculator (1410) determines the detected object size which is 200 pixels in width

(0.3125 of total width) and 300 pixels in height (0.625 of total height). The sub-

segment size calculator (1410) also determines the minimum block size by dividing

into 16 image blocks with 19,200 pixels for each block, wherein each block would

occupy 153,600 bits of memory in each PE. This is determined to be the optimal

minimum size of the image block as any size smaller causes heavy work load in

stitching the detected object since the object is large. Based on the determined

maximum and minimum block sizes, the sub-segment size calculator (1410)

determines the optimum size block to be 160 by 120 pixels so that all PEs are

occupied and thus, increases the speed for image processing. Based on the optimum

size block, the image divider (1420) retrieves a frame and divides the frame into

multiple image blocks as in sub-steps 208 and 210. The image blocks are then

stored in the memory as in sub-step 212.

In step 110, the image sub-segment selecting module (1500) selects the

image blocks to be processed by the main processor (1600). Each selected block is

labelled with a priority level to define the sequence of processing. Referring to FIG.

10, there is shown the sub-steps of selecting the image blocks. The selection of

image blocks is done by performing selection based on user defined regions (sub-

steps 402 to 414) and selection based on predicted information (sub-steps 304 to

306) concurrently. The selection based on predicted information is initiated with the

object appearance blocks identifier (1520) retrieves the predicted information from

the predictive module (1800) and thereon, the object appearance blocks identifier

(1520) selects image blocks based on the predicted information as in sub-steps 304

and 306. The selected image blocks should have the highest possibility to locate the

object of interest based on the predicted information. On the other hand, the

selection based on user defined regions is initiated with the image blocks identifying

and prioritizing unit (1510) retrieves the image blocks, border region information, and

interior region information as in sub-steps 402 to 404,. Thereon, as in sub-steps 408

and 410, the border blocks identifier (1511) identifies the blocks with the border

regions and the interior blocks identifier (1512) identifies the blocks with the interior

regions. Based on the identified blocks, the image blocks priority labeller (1513)

retrieves and labels the priority level based on the priority level for each region as



determined by the object frequency and priority evaluator (1900) as in sub-steps 412

and 414. Based on the selection based on user defined regions and predicted

information, the image overlapped checker (1530) combines the selected image

blocks and removes overlapping image blocks as in step 308.

In step 112, the main processor (1600) performs foreground detection,

foreground grouping, morphological process and noise filtering on each selected

image block in sequence as defined by its priority level.

In step 114, the object feature extracting module (1700) extracts features of

the object in each selected image block. The extracted features include centre of

mass, width, height, and the number of pixels covered, spatial coordinates and any

other information which could be useful in representing the object. Those features

are stored in a memory.

In step 116, the object frequency and priority evaluator (1900) adjusts the

priority level of the selected image blocks. FIGS. 11(a-b) show the sub-steps of

adjusting the priority level of the selected image blocks. Referring to FIG. 11a, the

object frequency and priority evaluator (1900) initially determines whether the system

(1000) is running for the first time and also whether the system (1000) has been

reset. If the system (1000) is running for the first time or the system (1000) has been

reset, the region priority labelling unit (1920) retrieves the pre-defined priority level for

each region (decision 502 and sub-step 520). Otherwise, the object frequency and

priority evaluator (1900) determines whether an object has been detected. If there is

no object detected, the region priority labelling unit (1920) retrieves the previously

defined priority level (decision 504 and sub-step 518). However, if an object has been

detected, the object entry counter (1910) retrieves the features of the object as

extracted by the object feature extracting unit (1700) as in decision 504 and sub-step

506. Thereon, the information relating to the border regions and interior regions are

retrieved as in sub-step 508. In sub-step 510, the object entry counter (1910) locates

from which region the object entered into the frame based on its location information.

Once the region has been identified, the object entry counter (1910) increases the

count value for that particular region by one as in sub-step 512. If the count value of

the particular region exceeds a predefined threshold, the count value is reset with the

ratio preserved as in decision 514 and sub-step 516. Thereon, as in sub-step 522,



the region priority labelling unit (1920) adjusts the priority level of each region based

on the counter value of each region as shown by the flowchart in FIG. 11b. Referring

to FIG. 11b, as in sub-step 602, the region priority labelling unit (1920) determines

the region with the highest number of object entered. Thereon, as in sub-step 604,

the region priority labelling unit (1920) reduces priority level of all regions having a

priority level higher than the region identified by the object entry counter (1910) by

one. The priority level of the identified region is then set to the highest priority level by

the region priority labelling unit (1920) as in sub-step 606.

In step 118, the predictive module (1800) estimates size and location of the

object for the following frame based on features of the object retrieved from the

current frame. The features retrieved from the current frame include size, location,

trajectory and etc. If no object has been detected, default information of the object is

retrieved.

While embodiments of the invention have been illustrated and described, it is

not intended that these embodiments illustrate and describe all possible forms of the

invention. Rather, the words used in the specifications are words of description rather

than limitation and various changes may be made without departing from the scope

of the invention.



CLAIMS

1. A system (1000) for detecting an object comprising:

a) an image acquisition module (1100) for acquiring video frames,

b) a buffering module (1200) for temporarily storing the video frames,

c) a pre-processor (1300) for performing pre-processing functions on the

video frames,

d) a main processor (1600) for performing image processing functions,

and

e) an object feature extracting module (1700) for extracting features of

the object;

wherein the system (1000) is characterised in that it further includes:

f) an image sub-segmenting module (1400) for dividing a frame into

multiple image blocks of equal size by using predicted information;

g) an image sub-segment selecting module ( 1500) for selecting the

image blocks to be processed by the main processor (1600) and

labelling each selected image block with a priority level to define the

sequence of processing;

h) a predictive module (1800) for estimating size and location of the

object for the following frame based on features of the object

retrieved; and

i) an object and priority evaluator ( 1900) for adjusting priority level of the

selected image block.

The system (1000) as claimed in claim 1, wherein the main processor (1600)

includes multiple processing elements for performing image processing

functions on the selected image blocks from the image sub-segment selecting

module (1500).

3. The system (1000) as claimed in claim 1, wherein the image sub-segmenting

module (1400) includes:

a) a sub-segment size calculator (141 0) for determining the size of each

block; and

b) an image divider (1420) for dividing a frame into multiple blocks based

on the size determined by the sub-segment size calculator (141 0).



The system (1000) as claimed in claim 1, wherein the image sub-segment

selecting module ( 500) includes:

a) an image blocks identifying and prioritizing unit (1510) for identifying

the image blocks having border regions and interior regions and

labelling the identified blocks with priority level;

b) an object appearance blocks identifier (1520) for selecting the image

blocks based on the predicted information; and

c) an image overlapped checker (1530) for removing duplicated image

blocks selected by the image blocks identifying and prioritizing unit

( 510) and the object appearance blocks identifier (1520).

The system (1000) as claimed in claim 4, wherein the image blocks

identifying and prioritizing unit (15 0) further includes:

a) a border blocks identifier (1511) for identifying image blocks having

border regions;

b) an interior block identifier (1512) for identifying image blocks having

interior regions; and

c) an image blocks priority labeller (1513) for labelling a priority level for

each identified image blocks based on priority level for each region as

determined by the object frequency and priority evaluator (1900).

The system (1000) as claimed in claim 1, wherein the object frequency and

priority evaluator (1900) comprising:

a) an object entry counter (1910) for determining frequency of an object

entering into the video frames through each border region; and

b) a region priority labelling unit (1920) for adjusting the priority level for

each border region.

A method for detecting an object is characterised by the steps of:

a) acquiring video frames;

b) performing a series of image pre-processing functions;

c) buffering the pre-processed video frames;

d) performing pre-processing functions to the buffered video frames;



e) retrieving user defined parameters and system parameters, wherein

the user defined parameters relates to information of the border and

interior regions in the frames and the system parameters relates to

information on the available resources of a system;

f) dividing each frame into multiple image blocks of equal size by using

predicted information;

g) selecting the image blocks to be processed, wherein each selected

block is labelled with a priority level to define the sequence of

processing;

h) performing foreground detection, foreground grouping, morphological

process and noise filtering on each selected image block in sequence

as defined by its priority level;

i) extracting features of the object in each selected image block;

j ) adjusting the priority level of the selected image blocks; and

k) estimating size and location of the object for the following frame based

on features of the object retrieved from a current frame.

The method as claimed in claim 7, wherein the step of dividing each frame

into multiple image blocks includes the steps of:

a) retrieving the system parameter values and predicted information;

b) determining the size of each image block;

c) retrieving a frame; and

d) dividing the frame into multiple image blocks based on the determined

size.

The method as claimed in claim 8, wherein the step of determining the size of

each image block includes the steps of:

a) determining maximum block size based on the allocated memory for

each processing element;

b) determining minimum block size based on video resolution and the

object size; and

c) determining an optimum block size based on number of processing

elements.



The method as claimed in claim 7, wherein the step of selecting the image

blocks includes the steps of:

a) performing selection based on user defined regions and predicted

information; and

b) combining the selected image blocks and removing duplicated

selection of image blocks based on user defined regions and

predicted information.

1. The method as claimed in claim 10, wherein the step of performing selection

based on user defined regions includes the steps of:

a) retrieving the image blocks, border region information, and interior

region information;

b) identifying the image blocks having the border regions;

c) identifying the image blocks having the interior regions;

d) retrieving the priority level for each region; and

e) labelling the priority level for each identified image blocks based on

the priority level for each region.

The method as claimed in claim 10, wherein the step of performing selection

based on predicted information includes the steps of:

a) retrieving predicted information; and

b) selecting the image blocks based on the predicted information,

wherein the selected image blocks have the highest possibility to

locate the object of interest based on the predicted information.

The method as claimed in claim 7, wherein the step of adjusting the priority

level of the selected image blocks includes the steps of:

a) determining whether the system (1000) is running for the first time and

whether the system (1000) has been reset;

b) retrieving pre-defined priority level for each region if the system (1000)

is running for the first time or the system ( 000) has been reset;

c) determining whether an object has been detected;

d) retrieving previously defined priority level if there is no object detected;

e) retrieving features of the object if an object has been detected;



f) retrieving information relating to the border regions and interior

regions;

g) identifying the region from which the object entered into the frame

based on its location information;

h) increasing count value for the identified region by one;

i) determining the region with the highest number of object entered;

j ) reducing priority level of all regions having a priority level higher than

the identified region by one; and

k) setting the priority level of the identified region to the highest priority

level.
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