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METHOD AND SYSTEM FOR PROCESSING 
VIDEO DATA 

0001. This invention relates to a method and system for 
processing video data, particularly, though not exclusively, in 
an intelligent video system. 
0002 Intelligent video systems are known in the art. Gen 
erally, Such systems receive video frames as input, and 
attempt to detect objects of interest within the image, Such as 
moving objects or the like, using background Subtraction 
techniques to distinguish the objects from the background. 
Other techniques, e.g. motion-based detection techniques, 
may also be used. Having detected an object within a single 
input frame, the system may further act to track detected 
objects from frame to frame using some characteristic fea 
tures of the detected objects. 
0003. A typical intelligent video system comprises a num 
ber of processing stages, as shown in FIG.1. In a background 
learning stage 1, a background model is established using an 
initial segment of video data. Since a background Scene will 
generally remain stationary compared with objects in the 
foreground, this stage generates a background model in 
which no moving foreground objects should be visible. In a 
second stage 3, foreground extraction and background adap 
tation is performed on each incoming video frame. The 
incoming frame is compared with the background model to 
determine which image pixels represent foreground objects 
and which represent background. Each pixel is classified 
accordingly and the resultant image is referred to as an object 
mask. Small changes in the background model are also 
updated adaptively. In a third stage 5, foreground regions 
identified in the object mask are tracked from frame to frame. 
A correspondence is established between foreground objects 
in the current frame and those already tracked in previous 
frames. A trajectory database is maintained so that the track 
ing history of each foreground object is available to higher 
level applications which may, for example, display a trail line 
indicating the cumulative path taken by one or more fore 
ground objects in the video. An object classification applica 
tion may be employed to compare the shape of each fore 
ground object with a database of real-world objects. If a 
match is found, the foreground object is classified appropri 
ately, e.g. as a person or vehicle. 
0004. After processing each frame, a validity check is 
usually performed on the background model to ensure it is 
still valid. Significant or Sudden changes may require a new 
background model to be learned. 
0005 Intelligent video systems are advantageously used 
in video Surveillance. In many Surveillance situations, it is not 
practical for a human operator to simultaneously monitor a 
large number of video screens. By identifying objects and 
monitoring their respective movements over time, it is not 
necessary for the operator to constantly monitor a particular 
display. If an event occurs whilst the operator is not monitor 
ing the display, the cumulative path taken by an object is 
viewable and the video system can also be used off-line to 
review the event. 
0006. One known intelligent video system is disclosed in 
US Patent Application Publication No. 2003/0053659 A1. 
0007. A known problem in the prior art is caused by the 
appearance of shadows in the incoming video. Normally a 
shadow will cause an image region to appear darker than its 
true intensity. Thus, in the foreground extraction stage, a cast 
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shadow region may be incorrectly detected as foreground 
when, in fact, the pixels of that region actually represent 
background. It follows that shadows can cause the object 
mask from the foreground extraction stage 3 to show a dis 
torted representation of a foreground shape. This has obvious 
drawbacks in Subsequent processing stages of the video sys 
tem, particularly if the stage needs to identify an object's 
shape. 
0008. A similar problem is caused by the appearance of 
highlights. In this case, highlights will cause an image region 
to appear lighter than its true intensity. 
0009. It has been proposed to use colour constancy and/or 
texture information to identify and remove shadows. How 
ever, Such techniques have disadvantages. In ensuring that 
most, if not all, shadows are removed, it is possible for true 
foreground regions to be removed also. This is a particular 
problem with self-shadows, i.e. shadows cast by an object 
onto itself. The result is an image in which foreground objects 
appear fragmented. Subsequent processing stages may treat 
each fragmented part as a separate object. 
0010. A known shadow removal method is disclosed by 
Horprasert et al in A Statistical Approach for Real-Time 
Robust Background Subtraction and Shadow Detection, 
IEEE ICCV Frame Rate Workshop, 1999. 
0011. According to a first aspect of the invention, there is 
provided a method of processing data representing pixels of a 
Video frame, the pixels having been pre-classified as belong 
ing either to a foreground or background region, the method 
comprising: (a) identifying, in the video frame, a region that 
includes two or more adjoining foreground pixels; (b) iden 
tifying, in the video frame, one or more foreground pixels as 
being candidates for re-classification by means of using a 
predetermined algorithm; (c) re-classifying the candidate 
pixels as background pixels and generating a comparison 
frame including said re-classified pixels; (d) identifying, from 
the comparison frame, foreground pixels whose respective 
frame position is within the region identified in step (a); and 
(d) classifying foreground pixels identified in step (d) as 
representing a common foreground object. 
0012. The method provides an advantageous way of re 
classifying foreground pixels as background pixels, in, for 
example, a shadow removal operation. By comparing the 
overlap of foreground regions before and after re-classifica 
tion, it is possible to identify foreground regions that have 
fragmented and thereafter classify them as representing a 
common (i.e. the same) foreground object. Foreground 
objects are better defined in terms of their shape and subse 
quent processing stages will not treat fragmented regions as 
separate objects. 
0013 The method offers particular advantages in video 
Surveillance. Data representing a plurality of video frames is 
sent from a source. Such as a video camera, to a computer 
system arranged to perform the above-mentioned steps. The 
steps can be performed in real time and the processed image 
data displayed on a screen. 
0014. The method is not limited to video surveillance 
applications. Indeed, the method can be used in any applica 
tion requiring the extraction of foreground regions from the 
background. A virtual reality (VR) system is another example 
of an application that utilises foreground extraction. 
0015. In the specification, foreground pixels are consid 
ered to be adjoining if their respective positions in the frame 
are next to each other, regardless of direction. 
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0016 Preferably, step (b) includes identifying one or more 
foreground pixels having a luminance (Y) different from the 
luminance (Y) of a corresponding reference pixel occupying 
a reference frame, assigning a parameter to the or each iden 
tified pixel based on a predetermined relationship between 
colour components of the candidate pixel and colour compo 
nents of the reference pixel, and comparing the parameter 
against a range of values indicating whether the pixel should 
be classified as a candidate pixel. 
0017. The reference frame may comprise a stored back 
ground frame acquired from a background learning opera 
tion. 
0018. The above-mentioned parameter may be given by: 

where R, G, B, represent, respectively, red, green and blue 
colour components of a foreground pixel, and R, G, B, 
represent, respectively, red, green and blue colour compo 
nents of the reference pixel. 
0019. An alternative, more complex expression, may be 
used for the numerical parameter, as will be described in the 
specific description. 
0020. In an alternative embodiment, step (b) includes 
identifying one or more foreground pixels having a lumi 
nance (Y) different from the luminance (Y.) of a correspond 
ing reference pixel occupying a reference frame, assigning 
first and second parameters to the or each identified pixel 
based on different respective first and second relationships 
between colour components of the candidate pixel and colour 
components of the reference pixel, and comparing the first 
and second parameters against respective first and second 
ranges of values indicating whether the pixel should be clas 
sified as a candidate pixel. 
0021. In this alternative embodiment, the first parameteris 
given by: 

a’. Rf R + p. Gr. G + y Bf B, 
a2. R + f2. Gi+ y2. B; 

where C, B and Y are luminance coefficients. 
0022. The region identified in step (a) preferably com 
prises a rectangular pixel array, the size of which is sufficient 
to include each adjoining foreground pixel. Preferably, each 
edge of the array includes at least one of the adjoining pixels. 
0023. According to a second aspect of the invention, there 

is provided a method of processing data representing pixels of 
a video frame, the pixels having been pre-classified as belong 
ing either to a foreground or background region, the method 
comprising: (a) identifying one or more foreground pixels as 
being candidates for re-classification; (b) assigning a numeri 
cal parameter to each candidate pixel based on a predeter 
mined relationship between the candidate pixel and a refer 
ence pixel; (c) for each candidate pixel, comparing its 
parameter with a first range of values and re-classifying the 
pixel as a background pixel if the parameter falls within the 
first range; (d) for each candidate pixel, comparing its param 
eter with a second range of values, lying within the first range, 
and re-classifying the pixel as a background pixel if the 
parameter falls within the second range; (e) providing first 
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and second sets of updated image data including each pixel 
re-classified in steps (c) and (d) respectively, (f) identifying, 
from the second set of updated image data, a region that 
includes a cluster of adjacent foreground pixels; and (g) iden 
tifying, from the first set of updated image data, foreground 
pixels whose respective positions are within the region iden 
tified in step (f), and thereafter classifying said plurality of 
foreground pixels as representing a common object. 
0024. According to a third aspect of the invention, there is 
provided a method of processing data representing frames of 
a video sequence, each frame comprising a plurality of pixels 
each occupying a respective frame position, the method com 
prising: (a) providing a first mask indicating pixel classifica 
tion as either foreground or background; (b) identifying a 
region within the first mask containing a cluster of adjacent 
foreground pixels; (c) for each foreground pixel, identifying 
whether said pixel should be a candidate for re-classification 
by comparing said pixel with a reference pixel occupying the 
same frame position in a stored reference frame; (d) re-clas 
Sifying Substantially all candidate pixels as background pix 
els and generating therefrom a second mask indicating pixel 
classification following re-classification; (e) comparing the 
first and second masks to identify two or more foreground 
pixels in the second mask that fall within the region identified 
in (b); and (f) providing a third mask identifying the fore 
ground pixels identified in (e) as representing a common 
object. 
0025. According to a fourth aspect of the invention, there 

is provided a video processing system arranged to process 
data representing pixels of a video frame, the pixels having 
been pre-classified as belonging either to a foreground or 
background region, the system comprising means arranged 
to: (a) identify, in the video frame (i) a region that includes a 
plurality of adjacent foreground pixels, and (ii) one or more 
foreground pixels as being candidates for re-classification by 
means of using a predetermined algorithm (b) re-classify the 
candidate pixels as background pixels and generate a com 
parison frame including said re-classified pixels; (c) identify, 
from the comparison frame, foreground pixels whose respec 
tive frame position is within the region identified in step (a): 
and (d) classify the foreground pixels identified in step (c) as 
representing a common foreground object. 
0026. The video processing system may form part of a 
Video Surveillance system. 
(0027. The invention will now be described, by way of 
example, with reference to the accompanying drawings in 
which: 
0028 FIG. 1 is a block diagram showing processing stages 
in a prior art intelligent video system; 
0029 FIG. 2 is a block diagram showing components of 
intelligent video system according to the invention; 
0030 FIG.3 is a block diagram showing processing stages 
of the intelligent video system; 
0031 FIG. 4 is a representation of an image of a back 
ground model used by a foreground extraction stage of the 
Video system; 
0032 FIG. 5 is a representation of an incoming video 
frame to the foreground extraction stage; 
0033 FIG. 6 is a representation of a foreground mask 
image that is generated by the foreground extraction stage; 
0034 FIG. 7 is a block diagram showing functional ele 
ments of a shadow removal stage of the video system; 
0035 FIGS. 8a–8fshow representations of a mask image 
generated at different phases of the shadow removal stage; 
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0036 FIG.9 is a flow chart showing each step in a shadow 
removal operation performed by the shadow removal stage; 
0037 FIGS. 10a–10b are diagrams representing value 
ranges used by different steps of the flow chart of FIG. 9; 
0038 FIG. 11 is a flow chart showing each step in a high 
light removal operation performed by the shadow removal 
Stage, 
0039 FIGS. 12a-12b are diagrams representing value 
ranges used by different steps of the flow chart of FIG. 11; 
0040 FIG. 13 is a flow chart showing steps of a shadow 
removal operation in a second preferred embodiment; 
0041 FIGS. 14a-care diagrams representing value ranges 
used by different stages of the flow chart of FIG. 13; 
0042 FIG. 15 is a flow chart showing steps of a highlight 
removal operation in the second preferred embodiment; 
0043 FIGS. 16a-care diagrams representing value ranges 
used by different stages of the flow chart of FIG. 15: 
0044 FIG. 17 is a block diagram showing a display con 

trol application forming part of the video system; and 
0045 FIG. 18 is a representation of a post-processed video 
image. 
0046 Referring to FIG.2, an intelligent video surveillance 
system 10 comprises a camera 11, a personal computer (PC) 
13, and a video monitor 15. The camera 11 is a web camera, 
for example a LogitecTM Pro 4000 colour webcam. Any type 
of camera capable of outputting digital image data can be 
used, for example a digital camcorder or an analogue camera 
with analogue-to-digital conversion means. The web camera 
11 communicates with the PC 13 over a network 14, which 
could be any network such as a Local Area Network (LAN) or 
the Internet. In practice, the web camera 11 and PC 13 are 
connected to the network 14 via respective network connec 
tions (not shown), such as Digital Subscriber Line (DSL) 
modems. Alternatively, the web camera 11 could be con 
nected directly to the PC 13 by means of the PC’s universal 
serial bus (USB) port 12. The PC 13 may comprise any 
standard computer. In this case, the PC 13 is a desktop com 
puter having a 1 GHZ processor, 512 Megabytes random 
access memory (RAM), and a 40 Gigabyte hard disk drive. 
The video monitor 15 is a 17" thin film transistor (TFT) 
monitor connected to the PC 13 by a standard video connec 
tOr 

0047 Video processing software is provided on the hard 
disk drive of the PC 13. The software is arranged to perform 
a number of processing operations on video data received 
from the web camera 11. The video data represents individual 
frames of captured video, each frame being made up of a 
plurality of picture elements, or pixels. In this embodiment, 
each frame has a display format of 320 pixels (width) by 240 
pixels (height). Alternative display formats may be used 
depending on the application. Since the web camera 11 is a 
colour camera, each pixel is represented by data indicating 
the pixel’s position in the frame, as well as the respective 
weightings of the three colour components, namely red, green 
and blue components, which determine the displayed colour. 
As will be understood in the art, the luminance Y of a given 
pixel may be approximated by the following expression: 

0048 where C=0.114, B=0.587, and Y=0.299. 
0049 R, G and B respectively represent the values of the 
red, green and blue colour components. Although alternative 
expressions for Y are known, the applicant has found the 
above expression to be preferable. 

Nov. 20, 2008 

0050. The video processing software comprises a number 
of different stages, as shown in FIG. 3. FIG. 3 is similar to 
FIG. 2 with the addition of a shadow removal stage 17 and an 
object characterisation stage 18, both stages being incorpo 
rated between the foreground extraction stage 3 and the object 
tracking stage 5. 
0051. The purpose of the shadow removal stage 17 is to 
remove a Substantial proportion of shadow and highlight 
regions from each video frame. In this way, Subsequent pro 
cessing stages, which identify the shape of foreground 
regions, are able to operate with improved reliability. 
0.052 The purpose of the object characterisation stage 18 
is to identify foreground features following foreground 
extraction and shadow removal. The output comprises a set of 
object descriptors that are used by the object tracking stage 5. 
A detailed understanding of this stage 18 is not essential for 
understanding the invention. 
0053. Initially, the video processing software runs a back 
ground learning stage 1. As mentioned in the introduction, the 
purpose of this stage is to establish a background model from 
an initial segment of video data. This video segment will 
typically comprise two hundred frames. Since the back 
ground Scene of any image is likely to remain relatively 
stationary (compared with foreground objects) this stage 
establishes a background model in which no foreground 
objects would be visible. 
0054 FIG. 4 shows a background model 19 established 
during the above-mentioned background learning stage 1. In 
this case, the web camera 11 was oriented towards a carpark. 
In the memory of the PC 13, the background model 19 is 
represented by a set of stored data representing the pixel’s 
position, and the respective weightings of the red, green and 
blue colour components of each pixel. 
0055 Having established the background model 19, 
incoming video frames are received by the PC 13 and are 
processed by the video processing Software. The Subsequent 
foreground extraction stage 3, shadow removal stage 17, 
object characterisation stage 18, object tracking stage 5, and 
the high level applications 7 process the video frames in real 
time. 
0056. The foreground extraction and background adapta 
tion stage 3 (hereafter referred to as the foreground extrac 
tion stage) processes each pixel of the current frame. Each 
pixel is compared with the pixel occupying the corresponding 
position in the background model 19 to estimate whether the 
pixel of the current frame represents part of a foreground 
object or background. Small changes in the background 
model 19 are updated adaptively. More severe or sudden 
changes in the background model 19 require a relearning 
operation, which is performed using the test indicated by 
reference numeral 9. 
0057 Although a detailed explanation of the foreground 
extraction stage 3 is not essential for understanding the inven 
tion, the skilled person will appreciate that there are known 
methods for performing foreground extraction 3. Perhaps the 
simplest is to compare the luminance of each pixel with that 
of the pixel occupying the corresponding position in the back 
ground model 19. If the difference between the two is above 
a predetermined threshold, the current pixel is classified as a 
foreground pixel. 
0.058 A particularly effective method is the so-called Mix 
ture of Gaussian (MoG) method which is described in detail 
by Stauffer & Grimson in Learning Patterns of Activity 
Using Real-Time Tracking, IEEE Transactions on Pattern 
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Analysis and Machine Intelligence, Volume 22, No. 8, August 
2000, pp. 747-757. An implementation of the MoG method is 
also described in US Patent Application Publication No. 
2003/0053658. Both references describe a background learn 
ing method that is suitable for establishing the above-men 
tioned background model 19. 
0059. In summary, the MoG method involves modelling 
each pixel of an incoming video frame as a mixture of differ 
ent Gaussian (or normal) statistical distributions. This reflects 
the assumption that samples of the same scene point are likely 
to display Gaussian noise distributions. The mixture of nor 
mal distributions reflects the expectation that more than one 
process may be observed over time. Based on the persistence 
and variance of each of distribution of the mixture, it is 
determined which distributions may correspond to the current 
background. Distributions that do not fit the background dis 
tributions are classified as foreground pixels until there is a 
distribution that does correspond and which is supported by 
consistent evidence built up over a number of frames. 
0060. In the case of the embodiments described herein, the 
foreground extraction stage 3 preferably operates using the 
MoG method. However, this is by no means essential and any 
alternative method can be used. 

0061 The operation of the foreground extraction stage 3 
will be better understood by referring to FIG. 5 which shows 
an incoming video frame 21 from the web camera 11. The 
Video frame 21 depicts (a) a person 23 walking across the car 
park, and (b) a vehicle 25 crossing the lower part of the car 
park. Each pixel of the video frame 21 is compared with the 
corresponding pixel in the background model 19 to determine 
whether that pixel should be classified as a foreground pixel 
or a background pixel. As a result, the foreground extraction 
stage 3 generates a foreground mask. A mask is a set of image 
data that includes information concerning the classification of 
each pixel, i.e. whether it represents foreground or back 
ground. Referring to FIG. 6, a visual representation of the 
foreground mask 27 is shown in which foreground pixels are 
shown in white and background pixels are shown in black. 
0062. The foreground mask 27 includes first and second 
foreground regions 29, 31. However, neither foreground 
region 29, 31 is particularly well defined in terms of its shape 
and, using the foreground mask 27 alone, it is difficult to 
determine which foreground objects are actually represented. 
This is due to the presence of shadows which, as shown in 
FIG. 5, are cast by the person 23 and vehicle 25 onto the 
background. Pixels representing the shadows have a darker 
intensity than pixels occupying the corresponding position in 
the background model 19. Accordingly, these pixels have 
been wrongly classified as foreground pixels. The presence of 
highlights, where a pixel has a lighter intensity than that of its 
corresponding background pixel, can cause a similar prob 
lem. 

0063 As a consequence of shadows and highlights, prob 
lems are likely to occur in Subsequent processing stages. If 
for example, the object characterisation stage 18 receives the 
foreground mask 27 direct from the foreground extraction 
stage 3, it may have difficulty identifying features of a fore 
ground object. This is likely to cause further problems in later 
processing stages. The object tracking stage 5 may have dif 
ficulty making a correspondence between foreground objects 
in the current frame and those tracked in previous frames. A 
similar problem may occur if the video Surveillance system 
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10 includes an object classification stage in which objects are 
classified according to which real-world object their respec 
tive mask profile resembles. 
0064. In order to mitigate the above-mentioned problems, 
the video processing Software includes a shadow removal 
stage 17. 
0065 FIG. 7 shows the main functional elements of the 
shadow removal stage 17. A two-branch process is employed, 
comprising weak shadow removal 32 and strong shadow 
removal 33. Both operate in parallel on the foreground mask 
27, and generate therefrom, respectively, an update mask and 
a part region mask. 
0066. It should be understood that parallel operation is not 
essential to the invention. However, for the purposes of this 
real-time video surveillance system 10, parallel operation is 
preferred. 
0067. The purpose of weak shadow removal 32 is to 
remove only the most severe shadows present in the current 
frame. In effect, it is assumed that there are only a few highly 
distinguishable shadows present. On its own, however, weak 
shadow removal 32 will be insufficient since the frame is, in 
reality, likely to have a number of shadows of varying inten 
sity. As a result, it is likely that a number of pixels will still be 
wrongly classified as foreground pixels. 
0068 Conversely, the purpose of strong shadow removal 
33 is to remove substantially every shadow present in the 
current frame. As a result, it is likely that some true fore 
ground areas will be incorrectly detected as shadow regions. 
Objects that cast shadows onto themselves, so-called self 
shadows, are particularly Vulnerable. For example, a frame 
showing a human face may include a self-shadow region cast 
by the nose onto the cheek. Strong shadow removal 33 will 
cause this region to be removed despite the pixels of this 
region actually forming part of the foreground object, i.e. the 
face. The result is usually a fragmented image in which parts 
of the same object appear detached from one another. Subse 
quent processing steps may interpret each fragment as a sepa 
rate object. 
0069. The shadow removal stage 17 uses the output from 
both weak and strong shadow removal 29, 30 to generate a 
so-called object classification mask. The object classification 
mask effectively comprises the part region mask, which pro 
vides an improved representation of foreground object 
shapes, with additional classification information to ensure 
that, where appropriate, fragmented objects parts are identi 
fied as belonging to a common object. To achieve this, a 
connected component analysis (CCA) operation 34 is 
employed on the update mask following weak shadow 
removal32. The CCA operation generates an object mask that 
is sent to a foreground object forming stage 35. The operation 
of the CCA stage 34 and the foreground object forming stage 
35 will be described below. 
(0070. The purpose of the CCA operation 34 is to identify 
one or more clusters of image pixels in the updated fore 
ground mask. A cluster may comprise two or more adjacent, 
or adjoining, pixels. Following this, a boundary defining the 
Smallest rectangular area enclosing each cluster is automati 
cally established by the software. The position of each rect 
angular area on the frame is added to the first update mask to 
form the object mask. 
0071. To illustrate the above process, we assume the fore 
ground mask 27 shown in FIG. 6 to be the current input to the 
shadow removal stage 17. FIG. 8a shows the updated fore 
ground mask 36 resulting from weak shadow removal 32. As 
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anticipated, although some shadows have been removed, the 
shape of each object 29, 31' remains poorly defined. FIG. 8b 
shows the object mask 37 generated by the CCA stage 34 in 
which rectangular boundaries have been added enclosing the 
respective clusters 29' and 31'. 
0072 FIG. 8c shows the part region mask 38 following 
strong shadow removal 33. It will be noted that the shape of 
each object 29", 31" is better defined. However, strong 
shadow removal 33 has inevitably resulted in some fore 
ground pixels being incorrectly classified as background pix 
els and each object has been fragmented into a number of 
separate parts. 
0073. In the foreground object forming stage 35, the object 
mask37 and the part region mask38 are compared to identify 
foreground pixels in the part region mask 38 whose position 
falls within a common rectangular area of the object mask37. 
All foreground pixels that fall within a common rectangular 
area are classified as belonging to the same foreground object. 
0074 As mentioned above, the output generated by the 
foreground object forming stage 35 is referred to as the object 
classification mask 39. The object classification mask 39 
provides an improved shape representation of foreground 
objects using strong shadow removal 33. Potential problems, 
due to the fragmentation of foreground regions, are avoided 
by assigning a common identity to each part falling within a 
given boundary region, the size of which is determined by 
weak shadow removal 32. FIG. 8d shows a visual represen 
tation of an object classification mask 39 resulting from the 
foreground object forming stage 35. 
0075. The operating principle of the CCA stage 34 and the 
object forming stage 35 is better understood by referring to 
FIGS. 8e to 8h. FIG. 8e shows a close-up portion of a fore 
ground mask following weak shadow removal 32. A single 
cluster of foreground pixels is present. FIG. 8f shows a close 
up portion of an object mask generated by the CCA stage 34. 
The CCA stage 34 has defined a rectangular boundary just 
large enough to enclose each foreground pixel. FIG.8g shows 
a close-up portion of a part region mask following strong 
shadow removal 33. Rather than a single cluster of fore 
ground pixels being present, there are two separate clusters. 
FIG. 8h shows a close-up portion of an object classification 
mask following the foreground object forming stage 35. All 
foreground pixels in the part region mask which fall within 
the rectangular boundary defined by the CCA stage 34 have 
been classified as representing a common foreground region. 
0076 For completeness, a detailed description of the soft 
ware-leveloperation of the shadow removal stage 17 will now 
be described. Two embodiments are described, the first 
embodiment being described below with reference to FIGS. 9 
to 12. A second embodiment will be described further on with 
reference to FIGS. 13 to 16. 

0077 Referring to FIG.9, in the first embodiment, the first 
step 41 is to get the next foreground pixel in the current frame. 
In the following step 42, the luminance of the pixel (Y) is 
compared with the luminance (Y) of the pixel occupying the 
same position in the stored background model. If Y,<Y. 
meaning the pixel has a darker intensity than the background 
pixel, a test is performed to determine whether the pixel 
occupies a shadow region. If it does not, a further test is 
performed in step 43 to determine whether Ye-Y, in which 
case a test is performed to determine whether the pixel occu 
pies a highlight region. This will be described later in the 
description. 
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(0078 IfY,<Y, the pixel may be considered a candidate 
for re-classification. The next step 44 is to calculate a so 
called brightness distortion parameter (BDP) for the candi 
date pixel. A simple expression for calculating the BDP is 
given by: 

Rf R, + Gif G + Bf B, (2) BDP = 
Ri + Gi+ Bi 

where Ra G, B, represent, respectively, the red, green and 
blue colour components of the candidate pixel, and R, G, B, 
represent, respectively, red, green and blue colour compo 
nents of the corresponding pixel in the background model. 
0079 A more complex expression for calculating the BDP 

is detailed below in relation to the second embodiment. How 
ever, this alternative expression can be used with the first 
embodiment. 
0080 Having calculated the BDP for the candidate pixel, 
two separate sets of steps are performed which correspond to 
the weak and strong shadow removal operations 32, 33 
described previously. These will be described below. 
I0081. In step 45, the BDP of the candidate pixel is com 
pared with a first range of BDP values, as represented in FIG. 
10a. The range is divided into two parts by a threshold value 
T. In the general case, T will be a value of 
between 0 and 1. In this embodiment, a value of 0.9 is chosen. 
If the BDP is equal to, or below, the value of T, then the 
candidate pixel is considered correctly classified as a fore 
ground pixel. If, however, the BDP is above the value of 
T the candidate pixel is considered to represent part of a 
shadow region and so, in step 47, the candidate pixel is re 
classified as a background pixel. 
I0082 In step 51, the BDP of the candidate pixel is com 
pared with a second range of BDP values, as represented in 
FIG. 10b. In this case, the value of T is set to a lower 
value of 0.7. As before, if the value of BDP is above the value 
of T, the candidate pixel is taken to represent part of a 
shadow region and so, in step 53, is re-classified as a back 
ground pixel. 
I0083) Given that the shadow region of the second range 
covers a larger range of values than the first, it follows that 
steps 45 and 46 correspond to weak shadow removal 32 and 
steps 51 and 53 correspond to strong shadow removal 33. 
I0084. Following performance of the above described 
steps, it is determined whether there are any remaining can 
didate pixels in the current frame (steps 47,55). If all candi 
date pixels have been checked, updated masks are generated 
that include the re-classified pixels from the previous steps. In 
step 49, the updated foreground mask is generated indicating 
pixel classification following weak shadow operation and, in 
step 57, the part region mask is generated indicating pixel 
classification following strong shadow removal. 
I0085. In step 59, one or more regions enclosing a cluster of 
adjacent foreground pixels are identified from the updated 
foreground mask. Step 59 corresponds to the CCA operation 
and, as mentioned above, generates the object mask. In the 
following step 61, the part region mask and the object mask 
are compared in order to identify groups of pixels in the part 
region mask whose respective positions fall within a common 
region identified in the object mask. In step 63, foreground 
pixels falling within a common region are classified as rep 
resenting a single foreground object. The resulting object 
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classification maskis forwarded to the object tracking stage5. 
The next frame is requested in step 65 and the process repeats 
from step 41. 
I0086. As indicated in FIG. 10, if the test performed in step 
42 is negative, a further test is performed in step 43 to deter 
mine if Ya-Y. If the result is positive, meaning that the 
intensity of the pixel is greater than the background pixel, a 
further test is performed to determine whether the pixel occu 
pies part of a highlight region. The stages involved in this test 
are shown in the flow chart of FIG. 11. It will be seen that the 
stages are essentially identical to those shown in FIG.9 and so 
a detailed explanation of each step will not be covered. How 
ever, it is worth noting that the BDP mentioned in step 44' is 
calculated using the same expression as for step 44, for which 
see FIG. 9. Steps 45' and 51' respectively correspond to the 
weak and strong shadow removal steps 45 and 51. FIGS. 12a 
and 12b show the respective first and second highlight ranges 
used in steps 45' and 51". In this case, each range is divided by 
a threshold value T, which will be a value above 1. In 
this embodiment, a value of 1.05 is chosen for the first high 
light range, and a value of 1.25 is chosen for the second 
highlight range. The candidate pixel will be re-classified as a 
background pixel if, in either case, its BDP is below the value 
of The high, i.e. between 0 and The high. 
0087. The above-mentioned values chosen for T and 
T, have been found, through experimentation, to be 
very effective in most Surveillance situations, regardless of 
gradual changes in lighting and/or weather conditions. These 
values remain fixed whilst the video surveillance system 10 is 
operating, thus keeping the PC's processing burden to a mini 
mum. This is clearly advantageous in a real-time system. 
Should a slight adjustment be desirable, manual adjustment is 
facilitated by the image processing Software. 
0088 A second embodiment of the shadow removal stage 
17 will now be described with reference to FIG. 13 to 16 of the 
accompanying drawings. 
I0089 Referring to FIG. 13, it will be appreciated that most 
of the steps shown are identical to those shown in FIG. 9. 
Accordingly, like reference numerals are used for like ele 
ments, and a detailed description of these particular steps is 
not required. The main differences are in the shadow test 
procedure following step 42. 
(0090. In step 42, if Y-Y, the next step 75 is to calculate 
two different parameters for the candidate pixel. The first is 
the BDP and the second is a so-called "Shadow Distortion 
Parameter (SDP). The BDP and SDP are used in two respec 
tive tests in order to determine whether a foreground pixel is 
correctly or incorrectly classified. 
0091. The BDP used in this embodiment is an alternative 
version to that of expression (2) and is given by: 

a’. Rf. R, +f. G.F. G. + y Bf B, (3) 

where the values of C, B and Y are the same values given in (1). 
Expression (3) has been found to yield more satisfactory 
results since it takes into account the above-mentioned coef 
ficients which are used to calculate the luminance value Y. 

0092. Either expression (1) or (3) can be used to generate 
BDP and its use is not limited to one particular embodiment. 
0093. The SDP is a numerical value given by the equation: 
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a’. Rf. R, +f Gf . G. (4) 
a2. R + f2. Gi 

f3. Gr. G + y Bf B, 
B2. Gi+ y2. Bi 

a2. R + y2. Bi 

SDP = MAX 

0094 Thus, three expressions are calculated and the value 
of the highest one is returned as the SDP. 
(0095 Having calculated the BDP and SDP for the candi 
date pixel, in step 76 a comparison operation is performed to 
determine whether the BDP is within a predetermined range. 
In this case, the range is between 0.5 and the maximum BDP 
value. If the BDP is not within range, i.e. below 0.5, then the 
pixel is considered correctly classified and the next fore 
ground pixel is obtained in step 41. If the BDP is within range, 
two separate sets of steps are performed which correspond to 
the weak and strong shadow removal operations 32, 33 
described previously. FIG. 14a indicates the range of BDP 
values used in step 76. 
(0096. In step 77, the SDP of the candidate pixel is com 
pared with a first range of SDP values, as represented in FIG. 
14b. As with the first embodiment, the range is divided into 
two parts by a threshold value T. In the general case, 
T will be a value of between 0 and 1. In this embodi 
ment, a value of 0.9 is chosen. If the SDP is equal to, or below, 
the value of T, then the candidate pixel is considered 
correctly classified as a foreground pixel. If, however, the 
SDP is above the value of T the candidate pixel is 
considered to represent part of a shadow region and so, in step 
46, the candidate pixel is re-classified as a background pixel. 
(0097. In step 78, the SDP of the candidate pixel is com 
pared with a second range of SDP values, as represented in 
FIG. 14c. In this case, the value of T is set to a lower 
value of 0.7. As before, if the value of SDP is above the value 
of T, the candidate pixel is taken to represent part of a 
shadow region and so, in step 53, is re-classified as a back 
ground pixel. 
0.098 Given that the shadow region of the second range 
covers a larger range of values than the first range, it follows 
that steps 77 and 46 correspond to weak shadow removal 32 
and steps 78 and 53 correspond to strong shadow removal 33. 
0099. The remaining steps are identical to those described 
previously with reference to FIG.9. 
0100. As indicated in FIG. 13, if the test performed in step 
42 is negative, a further test is performed in step 43 to deter 
mine if Ya-Y. If the result is positive, meaning that the 
intensity of the pixel is greater than the background pixel, a 
further test is performed to determine whether the candidate 
pixel occupies part of a highlight region. The stages involved 
in this test are shown in the flow chart of FIG. 15. 
0101. It will be seen that FIG. 15 is largely identical to 
FIG. 13 and so a detailed explanation of each step will not be 
covered. The BDP mentioned in step 75" is calculated using 
expression (3). In step 76 it is determined whether the BDP is 
within a predetermined range, in this case between 1.5 and 
Zero. FIG.16a illustrates this range of BDP values. If the BDP 
is not within range, the pixel is considered correctly classified 
as a foreground pixel and the process repeats from Step 41. If 
the BDP is within range, weak and strong shadow removal is 
performed in the subsequent steps, starting with steps 77,78. 
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0102 Instead of using the SDP parameter, a so-called 
Highlight Distortion Parameter' (HDP) is used in the high 

light test. The HDP is calculated using the expression: 

a’. Rf. R, + f°. Gr. G., (5) 

f3. Gr. G + y Bf B, 

a’. R. R, + y Bf B, 

HDP = MI 

0103) Three expressions are calculated and the value of the 
lowest one is returned as the HDP. 
0104 Steps 77 and 78' respectively correspond to the 
weak and strong shadow removal steps 77 and 78. FIGS. 16b 
and 16b show the respective first and second highlight ranges 
used in steps 77 and 78. In this case, each range is divided by 
a threshold value T, which will be a value above 1. In 
this embodiment, a value of 1.05 is chosen for the first high 
light range, and a value of 1.25 is chosen for the second 
highlight range. The candidate pixel will be re-classified as a 
background pixel if, in either case, its BDP is below the value 
of The high, i.e. between 0 and The high. 
0105 Thus, in the second embodiment, each test, be it the 
shadow or highlight test, uses two different sets of param 
eters. The initial test uses a BDP threshold which is arranged 
such that a larger number of BDP values pass to the subse 
quent test. In the shadow removal step 76, for example, the 
BDP threshold is relatively low (0.5) In steps 77 and 78, each 
additional test uses the SDP expression against a narrower 
range of values to determine whether the pixel does, in fact, 
require re-classification. It will be noted that expression (4) 
takes the highest value resulting from three Sub-expressions. 
Each sub-expression involves only two of the three colour 
components and takes into account the possibility that one 
colour component may give a false or spurious value. Similar 
comments apply in relation to the highlight removal step 76' 
which uses a relatively high BDP threshold (1.5). In steps 77 
and 78', each additional test uses the HDP value against a 
narrower range of values. Expression (5) takes the lowest 
value resulting from three Sub-expressions, each sub-expres 
sion involving only two of the three colour components. 
0106 Although the expressions used in the second 
embodiment appear more complex than those used in the first, 
we can simplify the calculations in the following manner. In 
relation to the luminance value (Y) we can re-write expres 
sion (1) as: 

Y=114.R-587.G-299.B (6) 

0107. By multiplying the weighting values by 103 we 
avoid floating point and division calculations. 
0108 Similarly, in calculating the BDP, SDP and HDP, the 
values of C, B' and Y should be 0.012996, 0.344569 and 
0.089401 respectively. We round these values and multiply by 
10 to get C-130, B’=3446 and Y=894 respectively. Again, 
floating point and division calculations are avoided. In calcu 
lating BDP, SDP and HDP, we can pre-program six items to 
avoid repetitive calculation: 
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0109 Having pre-programmed the above items, it will be 
appreciated that all division calculations can be replaced with 
appropriate multiplication and addition expressions. For 
example, in the second embodiment, BD>0.5 can be re-writ 
ten as 2.(A+A+A)>(B+B+B), while BDP<1.5 can be 
re-written as 2.(A+A+A)<3.(B+B+B). When calculat 
ing SBD and HBD, the comparison steps can be realised in a 
similar way. For example, if we want to determine whether: 

we can use (A+A).(B+B)>(A+A).(B+B). 
0110. In Summary, in all calculations, it is only necessary 
to perform integer based addition and multiplication. This 
makes the operation of the shadow removal stage 17 very 
efficient. This is particularly important in a real-time appli 
cation. 
0111. The object characterisation stage 18 receives the 
object classification mask 39 from the shadow removal stage 
19. Since this stage is not important for understanding the 
invention, a detailed description thereof will not be given. In 
Summary, the object characterisation stage 18 analyses the 
object classification mask39 and identifies particular features 
of foreground objects that may be useful in the Subsequent 
object tracking stage 5. The output from the object charac 
terisation stage 18 is in the form of object descriptors. Several 
kinds of descriptors may be generated, for example central 
position, dimension, colour and pixel density. 
0112 The object tracking stage 5 receives the object 
descriptors from the object characterisation stage 18. Fore 
ground objects are tracked from frame to frame. A correspon 
dence is established between foreground objects in the cur 
rent frame, and those already tracked in previous frames, 
using the object descriptors. A trajectory database is main 
tained so that the tracking history of each foreground object is 
available to one or more high level applications 7. For 
example, a high level application 7 may display a trail line 
indicating the cumulative path taken by one or more fore 
ground objects in the video. If multiple foreground objects 
enter the view of the web camera11, a different colour can be 
assigned to each trail line for the purposes of quick identifi 
cation. 
0113. An object classification application may be 
employed to compare the shape of each foreground object 
with a database of real-world objects. If a match is found, the 
foreground object is classified appropriately, e.g. as a per 
son or vehicle. 
0114. The display of image data on the video monitor 15 is 
controlled by a display control application 70 stored on the 
hard drive of the PC 13. Referring to FIG. 17, the display 
control application 70 receives video data from all processing 
stages shown in FIG.3, and is thereafter capable of displaying 
any video sequence represented by this video data. Indeed, an 
operator may view multiple images on a single screen. For 
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example, an operator may wish to view both the background 
model 19 and the object classification mask 39 simulta 
neously. Of principle interest to an operator will be the post 
processed video data from the object tracking stage 5 and the 
high level applications 7. A post-processed frame 70 is shown 
in FIG. 18. As a result of pixel re-classification in the shadow 
removal stage 17, it will be noted that pixels formerly occu 
pying shadow regions now form part of the background. 
Furthermore, each foreground object 23, 25 has been identi 
fied and tracked by the object tracking stage 5. The trail lines 
71, 73 represent the cumulative path taken by the objects over 
the course of a video segment leading up to the current frame. 
Each foreground object has been matched to one of a set of 
stored real life objects in a high-level object classification 
application. 
0115 Although the above-described video processing 
software operates on colour video data, the skilled person will 
appreciate that the invention is equally applicable to black 
and white video systems. 

1. A method of processing data representing pixels of a 
Video frame, the pixels having been pre-classified as belong 
ing either to a foreground or background region, the method 
comprising: 

(a) identifying, in the video frame, a region that includes 
two or more adjacent foreground pixels; 

(b) identifying, in the video frame, one or more foreground 
pixels as being candidates for re-classification by means 
of using a predetermined algorithm; 

(c) re-classifying the candidate pixels as background pixels 
and generating a comparison frame including said re 
classified pixels; 

(d) identifying, from the comparison frame, foreground 
pixels whose respective frame position is within the 
region identified in step (a); and 

(e) classifying foreground pixels identified in step (d) as 
representing a common foreground object. 

2. A method according to claim 1, wherein step (b) includes 
identifying one or more foreground pixels having a lumi 
nance (Y) different from the luminance (Y) of a correspond 
ing reference pixel occupying a reference frame, assigning a 
parameter to the or each identified pixel based on a predeter 
mined relationship between colour components of the candi 
date pixel and colour components of the reference pixel, and 
comparing the parameter against a range of values indicating 
whether the pixel should be classified as a candidate pixel. 

3. A method according to claim 2, wherein the reference 
frame comprises a stored background frame acquired from a 
background learning operation. 

4. A method according to claim 2, wherein the parameteris 
given by: 

where RAG, B, represent, respectively, red, green and blue 
colour components of a foreground pixel, and R, G, B, 
represent, respectively, red, green and blue colour com 
ponents of the reference pixel. 

5. A method according to claim 1, wherein step (b) includes 
identifying one or more foreground pixels having a lumi 
nance (Y) different from the luminance (Y) of a correspond 
ing reference pixel occupying a reference frame, assigning 
first and second parameters to the or each identified pixel 
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based on different respective first and second relationships 
between colour components of the candidate pixel and colour 
components of the reference pixel, and comparing the first 
and second parameters against respective first and second 
ranges of values indicating whether the pixel should be clas 
sified as a candidate pixel. 

6. A method according to claim 5, wherein the first param 
eter is given by: 

a’. R. R., + 6. Gr. G + y Bf B, 
a2. R + f2. G + y2. B; 

a’. Rf R, + 6. Gr. G + y Bf . B. 
a2. R + f2. G + y2. B; 

where C. Band Y are luminance coefficients and where Ra 
G, B, represent, respectively, red, green and blue colour 
components of a foreground pixel, and R, G, B, rep 
resent, respectively, red, green and blue colour compo 
nents of the reference pixel. 

7. A method according to claim 5, wherein the second 
parameter is given by: 

a’. R. R, +f. G. G., 

f3. Gr. G + y Bf B, 
A2. Gi+ y2. B; 

a’. Rf. R, + y Bf B, 
2. p 2. p 

Max 

where C. Band Y are luminance coefficients and where Ra 
G, B, represent, respectively, red, green and blue colour 
components of a foreground pixel, and R, G, B, rep 
resent, respectively, red, green and blue colour compo 
nents of the reference pixel. 

8. A method according to claim 1, wherein the region 
identified in step (a) comprises a rectangular pixel area, the 
size of which is Sufficient to include each adjoining fore 
ground pixel. 

9. A method of processing data representing pixels of a 
Video frame, the pixels having been pre-classified as belong 
ing either to a foreground or background region, the method 
comprising: (a) identifying one or more foreground pixels as 
being candidates for re-classification; (b) assigning a numeri 
cal parameter to each candidate pixel based on a predeter 
mined relationship between the candidate pixel and a refer 
ence pixel; (c) for each candidate pixel, comparing its 
parameter with a first range of values and re-classifying the 
pixel as a background pixel if the parameter falls within the 
first range; (d) for each candidate pixel, comparing its param 
eter with a second range of values, lying within the first range, 
and re-classifying the pixel as a background pixel if the 
parameter falls within the second range; (e) providing first 
and second sets of updated image data including each pixel 
re-classified in steps (c) and (d) respectively, (f) identifying, 
from the second set of updated image data, a region that 
includes a cluster of adjacent foreground pixels; and (g) iden 
tifying, from the first set of updated image data, foreground 
pixels whose respective positions are within the region iden 
tified in step (f), and thereafter classifying said plurality of 
foreground pixels as representing a common object. 
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10. A method according to claim 9, wherein the reference 
pixel referred to in step (b) is a pixel comprising part of a 
reference frame, the position of the reference pixel in the 
reference frame corresponding to the frame position of the 
candidate pixel. 

11. A method according to claim 9, wherein the numerical 
parameter assigned in step (b) is calculated using a predeter 
mined relationship between colour components of the candi 
date pixel and colour components of the reference pixel. 

12. A method according to claim 9, wherein step (a) com 
prises identifying one or more foreground pixels having a 
luminance (Y) that is different from the luminance (Y) of 
the or each corresponding reference pixel. 

13. A method according to claim 9, wherein the region 
identified in step (f) comprises a rectangular pixel array the 
size of which is sufficient to include each pixel of the cluster. 

14. A method of processing data representing frames of a 
Video sequence, each frame comprising a plurality of pixels 
each occupying a respective frame position, the method com 
prising: 

(a) providing a first mask indicating pixel classification as 
either foreground or background; 

(b) identifying a region within the first mask containing a 
cluster of adjacent foreground pixels; 

(c) for each foreground pixel, identifying whether said 
pixel should be a candidate for re-classification by com 
paring said pixel with a reference pixel occupying the 
same frame position in a stored reference frame; 

(d) re-classifying Substantially all candidate pixels as back 
ground pixels and generating therefrom a second mask 
indicating pixel classification following re-classifica 
tion; 

(e) comparing the first and second masks to identify two or 
more foreground pixels in the second mask that fall 
within the region identified in (b); and 

(f) providing a third mask identifying the foreground pixels 
identified in (e) as representing a common object. 

15. A computer program comprising a set of instructions to 
causea computer to perform the method according to claim 1. 

16. A video processing system arranged to process data 
representing pixels of a video frame, the pixels having been 
pre-classified as belonging either to a foreground or back 
ground region, the system comprising means arranged to: (a) 
identify, in the video frame (i) a region that includes a plural 
ity of adjacent foreground pixels, and (ii) one or more fore 
ground pixels as being candidates for re-classification by 
means of using a predetermined algorithm (b) re-classify the 
candidate pixels as background pixels and generate a com 
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parison frame including said re-classified pixels; (c) identify, 
from the comparison frame, foreground pixels whose respec 
tive frame position is within the region identified in step (a): 
and (d) classify the foreground pixels identified in step (c) as 
representing a common foreground object. 

17. A system according to claim 16, further comprising: 
means for receiving data representing pixels of a video frame; 
and foreground extraction means arranged to perform the 
pixel pre-classification. 

18. A Surveillance system comprising: a video source; a 
Video processing system according to claim 16; and a video 
display, the video source being arranged to Supply data rep 
resenting pixels of a video frame, and the video display being 
arranged to display a sequence of video frames processed by 
the video processing system. 

19. A method of processing data representing pixels of a 
Video frame, the pixels having been pre-classified as belong 
ing either to a foreground or background region, the method 
comprising: 

(a) performing separate first and second thresholding 
operations on the pixels thereby to reclassify respective 
first and second groups of foreground pixels as back 
ground pixels, the second group being larger than, and 
including, the first group; 

(b) identifying a cluster of foreground pixels remaining 
following the first thresholding operation; and 

(c) classifying foreground pixels remaining from the sec 
ond thresholding operation as belonging to a common 
object if their frame position corresponds with the clus 
ter identified in (b). 

20. A video processing system for processing data repre 
senting pixels of a video frame, the system comprising 

receiving means for receiving pixels pre-classified as 
belonging either to a foreground or background region; 

thresholding means arranged to perform separate first and 
second thresholding operations on the pixels thereby to 
reclassify respective first and second groups of fore 
ground pixels as background pixels, the second group 
being larger than, and including, the first group; 

identification means arranged to identify a cluster of fore 
ground pixels remaining following the first thresholding 
operation; and 

classification means arranged to classify foreground pixels 
remaining from the second thresholding operation as 
belonging to a common object if their frame position 
corresponds with the identified cluster. 
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