
WO 2004/043054 PCT/SG2002/000259  1 A method for
generating a quality oriented significance map  for
assessing the quality of an image or video Background
of the Invention  5 Visual distortion metrics play an
important role on  monitoring the quality of
broadcasted image/video,  controlling compression
efficiency and improving image  enhancement processes.
There are generally two classes of 10 quality or
distortion assessment approaches. The first  class is
based on mathematically defined measurements, such  as
the widely used mean square error (MSE), peak signal
to  noise ratio (PSNR), etc. The second class is based
on measuring the distortion by simulating the human
visual  15 system (HVS) characteristics. In the first
class approach, the definition of MSE is given  by 20
MSE = 2 `ci,i - ci,i  N wherein cif and ci; is a pixel
value in an original image and  a distorted image,
respectively. The definition of PSNR is  25 PSNR
=101og10 2552 MSE  The advantage of the first class
approach is that it is  mathematically simple and low
in computational complexity.  For this reason, the
first class approach is widely adopted. WO 2004/043054
PCT/SG2002/000259  



2 The second class approach however aims at perception
results  which are closer to human vision, and hence,
leads to better  accuracy in visual assessment and
information processing. 5 However, due to incomplete
understanding of the HVS and lag  in incorporating
physiological and/or psychological findings  to the
HVS, the performance of the second class approach is
still not satisfactory. 10 There are physiological and
psychological evidences that an  observer who looks at
an image or video does not pay  attention to all
visual information of the image or video,  but only
focuses on certain regions. Such visual attention
information from the observer is used in HVS in many
15 applications, e.g. for computation of a search
process in  visual perception, or to evaluate the
quality of an image or  video. Visual attention may be
implemented by either a bottom-up  20 process or a
top-down process. In the bottom-up process,  visual
attention is based on stimuli from visual features of
the image/video, and a saliency map for the
image/video is  formed based on such stimuli. Examples
of visual feature  based stimuli include illumination,
color, motion, shape, 25 etc. In the top-down process,
the saliency map for the  image/video is formed based
on prior/domain knowledge or  indication from other
known information like sound. [1] discloses a method
that combines three factors, namely  30 loss of
correlation, luminance distortion and contrast
distortion, to measure distortion of an image. 



WO 2004/043054 PCT/SG2002/000259  3 [2] proposes a
no-reference quality metrics 100 as shown in  Fig.l.
Distorted image/video 101 is received by an artifact
extraction unit 102 to detect the distribution of
blurring  and blockiness of the image/video 101. Such
distribution 5 properties of blurring and blockiness
are discriminated in a  discrimination unit 103 to
generate an output signal 104  representing the
distortion value of the distorted  image/video 101. 10
The methods according to [1] and [2] belong to the
first  class approach, and hence, do not provide
results which are  close to human perception as
compared to the second class  approach. 15 [3]
proposes a metric 200 based on video decomposition and
spatial/temporal masking as shown in Fig.2. A
reference  image/video 201 and a distorted image/video
202 are each  received by a signal decomposition unit
203,204. The  respective decomposed signals 205,206
are each received by a 20 contrast gain control unit
207,208 for spatial/temporal  masking of the
decomposed signal 205,206. The respective  processed
signals 209,210 are processed by a detection and
pooling unit 111 to generate an output signal 212
representing the distortion value of the distorted  25
image/video 202. [4] uses a neural network to combine
multiple visual  features for measuring the quality of
an image/video as  shown in Fig.3. Reference
image/video 301 and distorted 



30 image/video 302 are input to a plurality of feature
extraction units 303 to extract various features of
the  image/video 301,302. The extracted features 304
are WO 2004/043054 PCT/SG2002/000259  4 received by a
neural network 305 to generate the distortion  value
305 of the distorted image/video 302. [5] discloses a
method for evaluating the perceptual quality  5 of a
video by assigning different weights to several visual
stimuli. The references [4] and [5] process the whole
image or video  equally, and hence, is not
computational efficient as 10 insignificant portions
of the image/video are also  processed. [6] uses
several bottom-up visual stimuli to determine  regions
of high visual attention in an image/video. The 15
features determined from these bottom-up visual
stimuli are  weighted and accumulated to form an
Importance Map  indicating the regions of high visual
attention. This  method does not result in very good
quality assessment of  the image/video as only
bottom-up features are determined. 20 Furthermore,
high visual attention of a region does not  always
mean that the region should be coded with a high
quality. [7] discloses a method similar to [6], but
uses both bottom- 25 up and top-down visual stimuli to
determine regions of high  visual attention in the
image/video. The determined features obtained from the
bottom-up and top-down visual  



stimuli are integrated together using a Bayes network,
wherein the Bayes network has to be trained prior to
the 30 integration. As mentioned, high visual
attention of a  region does not always mean that the
region should be coded  with a high quality. Moreover,
the use of a Bayes network WO 2004/043054
PCT/SG2002/000259  5 for integrating the features of
the image/video is complex  as the Bayes network needs
to be trained prior to  integrating the features. 5
Therefore, a more accurate and yet robust method of
assessing the quality or distortion of an image or
video is  desired. Summary of the Invention  10 It is
an object of the invention to provide a method which
is able to improve the performance of the existing
methods  of assessing the quality or distortion of an
image or video. 15 The object is achieved by the
features of the independent  claims. Additional
features result from the dependent  claims. The
present invention relates to a method for generating a
20 quality oriented significance map for assessing the
quality  of an image or video, comprising the steps of
extracting  features of the image or video,
determining a perceptual  quality requirement of at
least one extracted feature, and  integrating the
extracted features and the perceptual 25 quality
requirement of the at least one extracted feature to  



form an array of significance level values, thereby
generating the quality oriented significance map.
Furthermore, at least one of the extracted features is
used 30 to determine a perceptual quality requirement
of the  image/video based on that feature. In other
words, the WO 2004/043054 PCT/SG2002/000259  6
importance of the quality of the image/video as
perceived by  an observer based on the extracted
features is determined.  The significance level values
obtained from integrating the 5 extracted features and
the perceptual. quality requirement of  the at least
one extracted feature forms a 3-D for an image  or 4-D
array for a video. Such an array of significance
level values is used as the quality oriented
significance  map for assessing the quality or
distortion of the image or  10 video. It should be
noted that the visual attention of a certain  region
of the image/video do not always correspond to a high
quality of the same region of the image/video. In
other 15 words, a high visual attention of a certain
region of the  image/video does not always require
that region of the  image/video to be coded with a
high quality, and vice versa.  Since the perceptual
quality information is used for 20 determining the
significance level values, the resultant  significance
map follows closely the perceptual quality
requirement of the image/video. Therefore, a more
accurate  significance map for assessing the quality
of an image or  video is achieved, as compared to any
of the prior art which 



25 uses a map and based only on visual attention. The
significance map generated according to the invention
can be used in the existing distortion metrics for
both the  first class approach and the second class
approach, and 30 therefore, improves the accuracy of
the image/video quality  assessment process. WO
2004/043054 PCT/SG2002/000259  7 According to the
invention, the features of the image or  video are
extracted using visual feature-based information  and
knowledge-based information. In other words, both
bottom-up process (visual feature-based) and top-down
5 process (knowledge-based) are used. These processes
determine which features in the image/video cause
visual  attention, and extract such visual attention
causing  features accordingly. The features to be
extracted may  include motion, illumination, color,
contrast, orientation, 10 texture, etc. Existing
image/video descriptors, for example  MPEG-7
descriptors may also be used. According to the
invention, object motion in a video or a  sequence of
images are separated into a relative motion  15 vector
and an absolute motion vector. Relative motion is the
object motion when compared with the background or
with  other objects, and absolute motion is the actual
motion of  the object in an image or a video frame.
Based on the  determined relative and absolute motion
vectors, a quality 20 level value of the object
(pixels or region) is determined.  The determined
quality level value is integrated with other  



extracted features from the image/video for forming
the  array of significance level values. 25 The object
motion analysis can be separated into two steps:
global motion estimation and motion mapping. The
global  motion estimation gives an estimation of the
movement of a  camera of the image-or video, and the
motion analysis  extracts the relative and absolute
motion vectors of the  30 object. WO 2004/043054
PCT/SG2002/000259  8 It should be noted that other
features of the image/video  may be used to determine
the quality level values of the  pixel or region of
the image/video. Examples of other  features include
face detection, human detection and texture 5
analysis. Such determined quality level values from
these  other features may be integrated with the
quality level  values obtained from motion analysis to
generate the quality  oriented significance level. 10
According to the preferred embodiment of the
invention, all  the extracted features and the
determined quality level  values of the at least one
feature are integrated to form  the array of
significance level values using a non-linear  mapping
function. 15 The use of non-linear mapping function
has the advantage of  low computational requirements
and simple implementation.  Furthermore, an algorithm
or system for a non-linear mapping  function does not
require training, which is in contrast to 



20 the Bayes network used in the system disclosed in
[5]. It should be noted that in alternative
embodiments, other  techniques like neural network or
fuzzy rules may be used  for integrating the extracted
features and the determined  25 quality level values
of the at least one feature. According to a further
preferred embodiment of the  invention; coupling
effects as a result of integrating the  extracted
features are taken into consideration when forming 30
the array of significance level values. The use of
coupling  effects takes into account that different
extracted  features, which can be taken as saliency
effects, are not WO 2004/043054 PCT/SG2002/000259  9
integrated by adding them in a linear manner.
Different  combinations of extracted effects give rise
to different  coupling effects. 5 Specifically, the
quality oriented significance map  according to the
further preferred embodiment of the  invention can be
obtained using the following equation:  N _ n Lk ( fL
fk  ms,~, l,t - fs'=, l,t C gl s't,J,t s,1,1 t  n 10
wherein  mst1t is an element of the quality oriented
significance map  at scale s, position (i,j) and time
t, , is nth extracted feature,  



f ,n 15 cLk is a coupling factor which denotes the
coupling effects  of combining fs ,i,t and f k,j,t n
is the index of the extracted feature; k is another
index of extracted feature such that 1 < k < N  and k
# L; 20 N is the total number of extracted features;
and gi is the nonlinear coupling mapping function
which is  defined as g1(x,y)=min(x,y);  25 and L is
the maximum value of fijt denoted as  L = arg max (f
sn i, j,) . WO 2004/043054 PCT/SG2002/000259  10 In an
alternative preferred embodiment of the invention, the
integration of the extracted features is performed by
applying a non-linear mapping function to a summation
of  weighted extracted features. 5 Specifically, the
quality oriented significance map  according to the
alternative preferred embodiment of the  invention is
obtained using the following equation: 10 m5,1,1,t -
g2('1fs,i,i,t +W2fs,,i,t +...+W,, fsn,i,t  wherein g2
is the nonlinear mapping function, which is defined as
15 g2(x)=" x+C wherein  



a is a parameter for giving a nonlinear property, and
C is a constant. 20 According to the preferred
embodiment of the invention, the  method for
generating the quality oriented significance map
further comprises a post processing step for
processing the  generated quality oriented
significance map. The post 25 processing step enhances
the quality of the generated  significance map by
removing any noise which may be present.  Also, the
post. processing step may be used for other
operations including smoothing or expanding the
significance  map, and removing artifacts present in
the significance map.  30 WO 2004/043054
PCT/SG2002/000259  11 In particular, Gaussian
smoothing is used to remove impulse  noise caused by
errors during the extraction of features  according to
the preferred embodiment of the invention. 5 The
described embodiments of the invention apply not only
to  the method, but also to a device, a computer
readable medium  and a computer program. Brief
Description of the Figures  10 Figure 1 shows a block
diagram of a general none reference  metrics for
measuring perceptual image/video distortion.  Figure 2
shows a block diagram of the Winkler's full 15
reference metrics for measuring perceptual image/video
distortion. 



Figure 3 shows a block diagram of the Yao's full
reference  metrics for measuring perceptual
image/video distortion.  20 Figure 4 shows a general
system for monitoring quality of  video for a
broadcasting system. Figure 5 shows a diagram of the
quality oriented  25 significance map according to the
invention. Figure 6 shows a general block diagram for
generating the  quality oriented significance map
according to the preferred  embodiment of the
invention. 30 WO 2004/043054 PCT/SG2002/000259  12
Figure 7 shows a detail implementation of the quality
oriented significance map according to the preferred
embodiment of the invention. 5 Figure 8 shows a block
diagram of a distortion metrics,  incorporating the
quality oriented significance map  according to the
invention. Figure 9 shows a block diagram of the
general none reference  10 metrics for measuring
perceptual image/video distortion of a  distortion
metrics, incorporating the quality oriented
significance map according to the invention. Figure 10
shows a block diagram of Winkler's full reference  15
metrics for measuring perceptual image/video
distortion of a  distortion metrics, incorporating the
quality oriented  significance map according to the
invention. Figure 11 shows a block diagram of Yao's
full reference 



20 metrics for measuring perceptual image/video
distortion of a  distortion metrics, incorporating the
quality oriented  significance map according to the
invention. Detailed Description of the Preferred
Embodiment of the  25 Invention Figure 4 describes a
general system for monitoring quality  of video for a
broadcasting system. 30 An image/video source 401 is
encoded in an encoder unit 402  and the encoded
image/video 403 is transmitted over a Wide  Area
Network (WAN) 404. The transmitted image/video 405 WO
2004/043054 PCT/SG2002/000259  13 from the WAN 104 is
received by a decoder unit 106 to be  decoded. A
distortion metrics unit 410 receives the decoded 5
image/video 407 from the decoder unit 406 with/without
a  reference image/video 408. The reference
image/video 408 is  generated from an image/video
source unit 409, wherein the  image/video source unit
409 may be identical to an  image/video source unit
used to generate the original 10 image/video 401, or
the reference image/video 408 may be  simply extracted
from the original image/video 401 which was  encoded
in the encoder unit 402. Generally, distortion metrics
can be categorized into Full  Reference (FR), Reduced
Reference (RR) and No Reference (NR)  15 models. FR
metrics performs pixel-by-pixel and frame-by frame
comparison between a distorted image sequence and the
corresponding non-distorted counterpart.
Reduced-Reference  



metrics computes a few statistics from the distorted
image  sequence, and compares them with corresponding
stored 20 statistics of the undistorted image
sequence. The statistics  are chosen and correlated by
a conventional regression  analysis. No-Reference
metrics does not require any  information from the
undistorted image sequence, but  performs feature
extraction on the distorted sequence to 25 find
artifacts such as MPEG block boundaries, point-like
noise, or image blurriness. The distortion metrics
unit 410 compares both the reference  image/video 408
and the decoded image/video 407 (for the  case of FR
and RR), or analyze the artifacts of decoded 30
image/video 407 (for the case of NR) to assess the
quality WO 2004/043054 PCT/SG2002/000259  14 of the
decoded image/video 407. The output signal 411
generated by the distortion metrics unit 410
represents the  quality of the decoded image/video
407. 5 The distortion metrics unit 410 may be
implemented using the  distortion metrics as already
described above (see Fig.1,  Fig.2 and Fig.3).
According to the invention, a quality oriented
significance  10 map, in particular, a Hierarchical
Quality-oriented  Significance Map (HQSM) is proposed.
The HQSM is generated  based on both visual attention
and perceptual quality  requirements of an
image/video. 15 For a bottom-up process, a map of
significance level values  of pixels or regions of the
image/video can be determined  



from visual features based on several rules: 1. Eye
fixation position of an observer is not always  20
fixed on a high visual attention area, but eye
movement follows high visual attention area; 2.
Different features of the image/video do not add
linearly to give an accumulated effect; 3. Observer
eyes are not blind to the world outside the  25 region
of focus or attention; 4. The selection of image/video
features may be  spatial-based or object-based; and 5.
Integration and selection of stimuli causing visual
attention rely on a hierarchy of "winner-takes-all"
30 (WTA) process at one moment. WO 2004/043054
PCT/SG2002/000259  15 It should be noted that the last
rule 5) is only true for  the same observer for a
particular moment. For a group of  observers, the
attention area can be represented in a  statistical
map. Also for a single observer, more than one 5
salient region may result when the image/video is
observed  over a period of time. The salient regions
may also be  represented in a statistical map. For a
top-down process, another map of significance level
10 values of the pixels or regions of the image/video
may be  defined using domain or prior knowledge from
other media.  For example, an audio sound of an
airplane will cause the  observer to focus his
attention to the object of the airplane in the
image/video.  



15 The significance maps generated above are
integrated to form  the HQSM. The HQSM according to
the invention is a 3- dimensional array for an image,
or a 4-dimensional array for  a video, as illustrated
in Fig.5. 20 The HQSM may be expressed using the
following equation:  M={mstl~, 0<s<N,-1, 0si<W,-1,
j<L5-1, 0st<N1-1} (1)  25 wherein M denotes the HQSM,
msi;t denotes a map element of the HQSM at scale s,
position  (i,j) and time t, W. is the width of the
image or a frame of the video, 30 LS is the height of
the image or a frame of the video, and WO 2004/043054
PCT/SG2002/000259  16 Nt is the time interval of the
video (applicable for video  only) . A high value of
the map element msi1r represents a high 5 significance
level of a pixel or region of the image/video,  and a
high weight should be assigned to the distortion
measurement of that corresponding pixel or region, and
vice  versa. 10 The generation of the HQSM comprises
three steps as shown in  Fig.6. The visual features of
the image/video 601 are  extracted in a feature
extraction unit 602 based on the  following stimuli:
15 1. Visual attention stimuli, for example motion,  



illumination, color, contrast, orientation, texture,
etc. 2. Knowledge based stimuli, for example face,
human,  shapes, etc. 20 3. User defined stimuli. It
should be noted that existing image/video descriptors
such as MPEG-7 descriptors may be incorporated for
features  extraction. 25 The extracted features 603
are received by a decision unit  604 for integrating
the extracted features 603 to generate a  gross HQSM
605. The gross HQSM 605 is further processed by  a
post processing unit 606 to enhance the quality of the
30 gross HQSM 605 to generate the final HQSM 607
according to  the preferred embodiment of the
invention. WO 2004/043054 PCT/SG2002/000259  17 Fig.7
shows the detailed diagram for the generation of the
HQSM according to the preferred embodiment of the
invention.  The different features to be extracted
according to the 5 preferred embodiment of the
invention are summarized below.  Motion Analysis
Object motion in a video or a sequence of image can be
10 separated into two vectors: relative motion vector
and  absolute motion vector. Relative motion is the
motion of  object in relation to the background or
other objects.  Absolute motion is the exact position
moved within the image  or video frame. 



15 The motion analysis can be separated into global
motion  estimation to determine the movement of a
camera used for  the image/video and motion mapping to
extract the relative  and absolute motion vector. 20
The global motion estimation can be estimated using a
three- parameter method, which is modeled as: =C X (')
+ tx (2)  AY f Y ty 25 wherein  (LX,AY) is the
estimated motion vector of the pixel or  region (X,Y)
of the video, Cf is the zooming factor, and  30
(tx,ty) is the translation vector. WO 2004/043054
PCT/SG2002/000259  18 It should be noted that the
estimated motion vector (AXX,iY)  is also the absolute
motion vector. 5 The three-parameter method is
preferred as it is less  sensitive to noise as
compared to other modeling methods  like the
six-parameter model or four-parameter model. The error
of the global motion estimation can be defined as:  10
c=j[(OX-CfX-tx)+(AY-CfY-t,)J (3)  The values of Cf, tx
and tycan be obtained by minimizing the  three
equations as given below: 



15 Cf X N 0 OX tx = Y 0 N AY (4)  ty XZ+lyY2 'VY IX
IXAX+IYLY A relaxation algorithm can be used to
determine the  minimized values of Cf, t, and ty which
is summarized in the  20 following steps: 1. Choose
the pixels or regions on the image/video with  large
variations; 2. Determine (Cf,tx,ty) within the chosen
pixels which  25 satisfies equation 4; 3. Evaluate
error c for every pixel using equation 3;  4. Select
the pixels of the image/video within a range  of error
[s-A,s+0], WO 2004/043054 PCT/SG2002/000259  19 5.
Repeat steps 2 and 3 until (Cf,tx,ty) is smaller than
a  predetermined value. After (C1,tX,ty) is obtained,
the relative motion can be  5 determined using the
following equation: OX X t  _ -C x Y t., (5)  AYR AY f
X + The relationship between attention level and
relative motion  10 vector is a nonlinear monotonic
ascending function. The  attention level increases
with increasing relative motion.  When the relative
motion reaches a certain value, the  



attention level does not increase with any further
increase  of the relative motion. Therefore, the
relationship between 15 the relative motion vector and
the attention level can be  represented by: f ) ax,b
0<x, <-10 (6)  = ' x a10b x,>10  20 wherein X, is the
relative motion vector defined as x, = XR2 +AYR2 ;
and a and b are parameters with a>0, b<1 and a 10b =1.
25 Similarly, the relationship between attention level
and the  absolute motion is a nonlinear function. When
the absolute  motion increases, the attention level
increases  correspondingly and subsequently decreases.
The WO 2004/043054 PCT/SG2002/000259  20 relationship
between the attention level and the absolute  motion
vector can be defined as: f, (x,,) = c - x - e-dx (7)
5 wherein  x,, is the absolute motion vector defined
as x,, = CAT a +AY z ;  c and d are parameters
assigned so that max{fa(xa)j=1. 10 As can be seen from
equation ( 7 ), when x = - , fa (x) is  maximum, and
hence c = de . The overall motion attention level can
then be determined  as: 



15 f rotal lx) = f" lx) - f, lx) (8) The relationship
between relative motion, absolute motion,  attention
level and perceptual quality level can be 20
summarized in Table 1 as shown:  Table 1 Relative
Absolute Attention Quality level  motion motion level
Low Low Low Low  High Low High High  Low High Low Low
High High High Medium As can be seen from table 1, an
object with a high absolute  25 motion attracts visual
attention of the observer. However, WO 2004/043054
PCT/SG2002/000259  21 the observer will not bother
about the quality of the  object. For example, the
observer will follow the movement  of a flying ball in
a sequence of images or video, but do  not pay much
attention to the shape (quality) of the flying 5 ball.
When the relative motion of the flying ball is high,
and the absolute motion is low, the observer pays much
attention to the shape (quality) of the flying ball.
An important point to note is that attention level is
not  10 always the same as the perceptual quality
level. The  perceptual quality requirement, in
addition to the visual  attention level, is also used
to form the array of  significance map according to
the invention, thus resulting  



in the HQSM to be more accurate and robust in
assessing the 15 quality of image/video as compared to
any of the prior art.  Illumination Mapping High
illumination or contrast of a region of an image/video
20 usually generates a high visual attention. For
example, a  spot light illumination on a stage draws
the visual attention of the audiences. Illumination
may be estimation  by applying a Gaussian smoothing
filter to the image/video.  Other means of
illumination estimation may be used. 25 Color
Mapping/Skin Color Mapping Color mapping is similar to
illumination mapping, except  that a difference in the
values between other regions of the  30 image/video
may also be used to determine the value of the
current pixel or region. WO 2004/043054
PCT/SG2002/000259  22 Skin color attracts visual
attention in many situations, and  the detection of
skin color can be performed in a Cb-Cr  domain. In
particular, a look-up table may be used to  assign a
possible color value to each pixel or region of the 5
image/video. A skin color is detected when the value
of the  pixel falls in the range of 77 < Cb < 127. and
133 < Cr <  173. Face Detection  10 Face detection is
to detect face-like regions from the  image/video, a
face of a person in the image/video is likely  



to generate a high visual attention of the observer.
Skin  color and shape information is useful for face
detection. 15 Eye/Mouth Detection In a face region,
the eye and mouth of the face usually draw  a higher
visual attention than the other parts of the face.  20
Face detection and shape information can be used for
the  eye/mouth detection. Shape Analysis/Mapping 25
Shape analysis is useful in determining object shapes
in the  image/video which cause visual attention.
Information on  shape analysis is useful also for
detection of other  information like face, eye/mouth,
words caption, etc. Shape  analysis can be performed
by applying Watershed algorithm on 30 the image/video
frame, and split the image into smaller  regions. A
merge-split method and shape  description/clustering
methods as described in [9] can be WO 2004/043054
PCT/SG2002/000259  23 performed to determine the shape
of the objects in the  image/video. Human Body
Detection  5 The detection of human body is possible
using information  obtained from shape analysis, face
detection and eye/mouth  detection. 10 Caption
Detection Captions in the image/video carry important
information, and  



therefore, have high visual attention. Captions can be
detected using the method as disclosed in [S]. 15
Texture Analysis/Mapping Texture has a negative effect
on the overall value of the  significance level value,
and hence, on the generated HQSM.  20 In other words,
texture decreases the overall value of the  map
elements of the HQSM. Specifically, we have f texture
< (9)  s,i, j,t 25 wherein f'exture represents the
texture feature of the image/video.  s W,t Taking the
texture feature into account when forming the  array
of significance level values increases the overall  30
accuracy of a significance map, as the negative effect
of texture of the image/video is considered.
Therefore, the WO 2004/043054 PCT/SG2002/000259  24
HQSM generated according to the invention has a higher
accuracy compared to the significance map generated
according to any of the prior art. 5 User Defined
Attention In this feature, the significance level of
some or all the  pixels or regions of the image/video
are defined manually  based on other information like
audio, a deliberate focus of 10 attention on a
particular object, etc. It should be noted that while
only some of the features  



extractions are described, the invention should not be
limited to the specific methods of features
extraction, and 15 also other features of the
image/video may be further  incorporated to the method
of generation of HQSM according  to the invention.
After all the features of the image/video are
extracted, 20 they are integrated in the decision unit
604. According to  the preferred embodiment of the
invention, a non-linear  mapping function is used to
integrated the extracted  features. 25 Coupling
effects as a result of combining any pair of  extract
features above are different, and a model for
integrating a pair of extracted features which takes
into consideration of the coupling effect is given as:
i 2 12 (r 2 )  3 0 ms>t,i,t - fS,l,i,t + fs,i,i,t - c
gi s~,i,t Y f"i,i,t ) 10 WO 2004/043054
PCT/SG2002/000259  25  wherein mSl,j,t is an element
of the quality oriented significance  map; c12 is the
coupling factor representing the coupling  5 effects;
fs,,,,t and fsZ>>,t denotes a pair of extracted
features;  n is the nth extracted feature; and g1
denotes a non-linear function. 10 The non-linear
mapping function should preferably be defined  as 



g1(x,y)=min(x,y) (11)  15 In a further preferred
embodiment of the invention, three or  more extracted
features are integrated using the following  equation:
N n >CLk I(fL k Ms,i>I't - ~j fs,=.llt _ '91 \/
s>i,l,t2 fs,i,p (12)  n 20 wherein  fs t is the nth
extracted feature, cLk is a coupling factor which
denotes the coupling effects  of combining fs and
fskW.t 25 n is the index extracted feature; k is
another index of extracted feature such that 1 < k < N
and k # L; N is the total number of extracted
features; and  L is the maximum value of fs"i,j,, and
is denoted as WO 2004/043054 PCT/SG2002/000259  26 L =
arg max (f L,1,t.) . (13)  It should be noted from
equation (12) that only the coupling  5 effect between
the extracted feature with the maximum value and other
extracted features are considered. The coupling
effects among other extracted features are ignored. In
an alternative preferred embodiment of the invention,
the  10 integration of the extracted features is
performed using the  following equation: n  



MS,i,l,t -92kf,i,l,t +W2fs2i,l,t +...+Wrifs,=,l,t (14)
15 wherein w1,w2,...,w" are the weights of the
extracted features, and  g2 is the non-linear mapping
function. The non-linear mapping function should
preferably be  20 g2(x)=1 x+C (15)  wherein a is a
parameter with the value a=2 to satisfy the non- 25
linear property, and C is a constant with the value
C=1 to take into  consideration that the observer's
eyes are not blind to the  world outside the focus or
attention. WO 2004/043054 PCT/SG2002/000259  27 In
alternative embodiments, other techniques like neural
network, fuzzy rules may be used for integrating the
extracted features to form the significance map 605. 5
The significance map 605 generated from the
integration of  the extracted features are received by
the post processing  unit 606 to further enhance the
quality of the generated  significance map 605 to form
the final HQSM 607. 10 In the post processing unit
606, a Gaussian smoothing 'filter  can be applied to
the generated significance map 605 to  remove impulse
noises caused by errors in the features  extraction
process 602. 15 The HQSM generated according to the
invention may be applied  to both the first class
approach and the second class  



approach. Specifically, the HQSM may be incorporated
to the  MSE as given by 20 MSEmodified - N2 Ms, W" X
`Cij - Ci,j ) (16)  wherein MSEmodifed is the modified
MSE incorporating the HQSM.  25 The PSNR as a result
of the modified MSE is thus given by  PSNR 2252 mod
ifed -1010g10 MSE (17)  mod ifed 30 wherein WO
2004/043054 PCT/SG2002/000259  28 PSNRmoaified'S the
modified PSNR value incorporating the HQSM.  After the
HQSM is generated according to the invention, it  can
be applied to any existing distortion metrics to
improve 5 the accuracy of the distortion measurement
or quality  assessment. Fig.8 shows how the generated
HQSM 801 may be incorporated  to an existing
distortion metrics 802. It should be noted  10 that
the HQSM 801 are separate from the processing of the
image/video by the distortion metrics 802, and the
output  from the HQSM 801 and the distortion metrics
802 are  integrated in an integrator unit 803. 15
Fig.9, Fig.10 and Fig.11 shows how the HQSM can be
applied  to the distortion metrics as shown in Fig.1,
Fig.2 and  Fig.3. Since the application of HQSM to the
distortion  metrics are independent to the processing
of the image/video 



by the distortion metrics, the HQSM may be applied to
the  20 distortion metrics at any stage of the quality
assessment/distortion measurement process (as shown by
the  dotted lines). Experiments are conducted to
determine the performance of  25 the HQSM according to
the invention and the existing  distortion metrics.
.In the experiments, the HQSM is generated using
features  extracted based on illumination mapping,
motion analysis,  30 skin color mapping and face
detection. The generated HQSM is applied to the PSNR
method and, the distortion metrics WO 2004/043054
PCT/SG2002/000259  29 disclosed in [1] (Wang's
Metrics) and [2] (Winkler's  Metrics). Two video
sequences, denoted as "harp" and  "autumn leaves" are
used as test video sequences for the  assessment of
the quality of the video sequences. 5 The results of
the experiments are summarized in table 2:  Table 2 .
Distortion PSNR HQSM- Wang's HQSM- Winkler's HQSM-
Metrics based Metrics based Metrics based  PSNR Wang's
Winkler's Metrics Metrics  harp 0.8118 0.85 0.6706
0.6853 0.6912 0.7412  autumn leaves 0.1324 0.5441
0.9324 0.9265 0.8235 0.8647 10 As can be seen from the
results of table 2, the distortion  metrics with the
HQSM incorporated gives better performance  



in the video quality assessment. The only exception is
Wang's Metrics on the video sequence "autumn-leaves".
15 The reason for this is due to the high Spearman
correlation  value for the video sequence "autumn
leaves". Moreover, the  value of the quality level for
"'autumn-leaves" using the  Wang's Metrics is already
very high (maximum value of 1),  and therefore, the
subjective rating of the video sequences 20 by a group
of observers varies greatly in this case.  Therefore,
the HQSM generated according to the invention is  able
to improve the performance of the existing methods for
video quality assessment. 25 WO 2004/043054
PCT/SG2002/000259  30 The described embodiments of the
invention apply not only to  a method but also to a
device, a computer readable medium  and a computer
program. 5 While the embodiments of the invention have
been described,  they are merely illustrative of the
principles of the  invention. Other embodiments and
configurations may be  devised without departing from
the spirit of the invention  and the scope of the
appended claims. 10 WO 2004/043054 PCT/SG2002/000259
31 The following documents are cited in this
specification: [1] Z. Wang, A.C. Bovik, "A universal
image quality index",  IEEE Signal Processing Letters,
Vol.9, No. 3, March 2002, 



5 Pg. 81-84. [2] Z. Wang, H. R. Sheikh and A. C.
Bovik, "No Reference  perceptual quality assessment of
JPEG compressed images",  IEEE International
Conference on Image Processing, 2002.  10 [3] Stefan
Winkler, "Vision Models and Quality Metrics for  Image
Processing Applications", Ph.D. Thesis #2313, Swiss
Federal Institute of Technology, Lausanne,
Switzerland,  2000. 15 [4] S. Yao, et al, "Perceptual
visual quality evaluation  with multi-features",
submitted to IEE Electric Letters.  [5] WO 99/21173 20
[6] US Patent Publication No. 2002/0126891  [7] EP
1109132 25 [8] US 6243419 [9] Miroslaw Bober, "MPEG-7
Visual Shape Descriptors", IEEE  Transaction on
circuits and systems for video technology,  Vol. 11,
No. 6, June 2001. 30 WO 2004/043054 PCT/SG2002/000259
32  What is claimed is 1. A method for generating a
quality oriented significance  map for assessing the
quality of an image or video, 5 comprising the
following steps:  extracting features of the image or
video; 



determining a perceptual quality requirement of at
least  10 one extracted feature; and integrating the
extracted features and the perceptual  quality
requirement of the at least one extracted  feature to
form an array of significance level values, 15 thereby
generating the quality oriented significance  map. 2.
The method according to claim 1, wherein the features
of  the image or video are extracted using visual
feature- 20 based information and knowledge-based
information. 3. The method according to claim 2,
wherein an absolute  motion and a relative motion are
determined, and are  used to determine a quality level
value of the pixel or 25 region of the image or video,
wherein the determined  quality level value is a
perceptual quality requirement  used for generating
the quality oriented significance  map. 30 4. The
method according to claim 2, wherein the extracted
features and the perceptual quality requirement of the
at least one extracted feature are integrated to form
WO 2004/043054 PCT/SG2002/000259  33 the array of
significance level values using a non- linear mapping
function. 5. The method according to claim 4, wherein
coupling 5 effects as a result of the integration of
the extracted  features are used when forming the
array of the  significance level values. 



6. The method according to claim 5, wherein the
quality  10 oriented significance map is obtained
using the  following equation: _ N n Lk L k  ms't,l't
- fs"l,l~t - C gl (fs,t.J't ' fs,t, P)  n 15 wherein
ms,i,i,t is an element of the quality oriented
significance  map at scale s, position (i,j) and time
t; f i t is the nth extracted feature, cLk is a
coupling factor which denotes the coupling  20 effects
of combining fs ,,,t and fsk,1 . ; n is the index
extracted feature; k is another index of extracted
feature such that 1 < k  < N and k # L; N is the total
number of extracted features; and  25 L is the maximum
value of fsiit denoted as f ).  L = arg max( WO
2004/043054 PCT/SG2002/000259  34 7. The method
according to claim 6, wherein the nonlinear  coupling
mapping function is defined as: 91 (x, y) = minx, y)
5 8. The method according to claim 4, wherein the
integration  of the extracted features is performed by
determining a  weight to each of the extracted
features, adding the 



weighted extracted features, and applying the
nonlinear  10 mapping function to the accumulated
features, thereby  forming the array of the visual
significance level  values. 9. The method according to
claim 8, wherein the quality  15 oriented significance
map is obtained using the  following equation: (( 1 2
n  ms,i,1,, =g2(wlfs,i,l,t +w2fs,i,l,t +...+wnfsi,l,t
20 wherein ms,i,,,t is an element of the quality
oriented significance  map at scale s, position (i,j)
and time t; fni1t is the extracted feature; n is the
nth extracted feature; and  25 g2 is the nonlinear
mapping function. 10. The method according to claim 9,
wherein the nonlinear  mapping function is defined as:
30 g2(x)=" x+C WO 2004/043054 PCT/SG2002/000259  35
wherein a is a parameter for giving a nonlinear
property, and  C is a constant. 5 11. The method
according to claim 1, the generated quality  oriented
significance map is further processed in a post
processing step to enhance the quality of the
generated  quality oriented significance map. 



10 '  12. The method according to claim 11, wherein
the post  processing step is performed using a
Gaussian smoothing  technique. 15 13. A device for
generating a quality oriented significance  map for
assessing the quality of an image or video,
comprising: an feature extraction unit for extracting
features of  20 the image or video; a determination
unit for determining a perceptual  quality requirement
of at least one extracted feature;  and 25 an
integration unit for integrating the extracted
features and the perceptual quality requirement of the
at least one extracted feature to form an array of
significance level values, thereby generating the 30
quality oriented significance map. WO 2004/043054
PCT/SG2002/000259  36 14. A computer readable medium,
having a program recorded  thereon, wherein the
program is to make the computer  execute a procedure
for generating a quality oriented  significance map
for assessing the quality of an image 5 or video,
comprising the following steps:  extracting features
of the image or video; determining a perceptual
quality requirement of at least  10 one extracted
feature; and 



integrating the extracted features and the perceptual
quality requirement of the at least one extracted
feature to form an array of significance level values,
15 thereby generating the quality oriented
significance  map. 15. A computer program element
which is to make the computer  execute a procedure for
generating a quality oriented 20 significance map for
assessing the quality of an image  or video,
comprising the following steps: extracting features of
the image or video; 25 determining a perceptual
quality requirement of at least  one extracted
feature; and integrating the extracted features and
the perceptual  quality requirement of the at least
one extracted 30 feature to form an array of
significance level values,  thereby generating the
quality oriented significance  map. 


