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Abstract

In a digital video communication, the encoder can play a very important role on what can be achieved at the decoder side in terms of error processing. To behave in the best way, it is important that the encoder try to foresee the difficulties that the decoder will face dealing with errors and work to help it, notably in the most critical moments. In particular, if the encoder evaluates how difficult certain errors are to conceal, it will be able to better decide the amount of error resilience overhead to be used and where. This evaluation at the encoder may be done by considering the video data being encoded and the coding scheme being used.

When object-based video coding schemes such as the one specified by the MPEG-4 standard are considered, channel errors can affect both the shape and texture data, which can be concealed using spatial and/or temporal techniques. In this paper, a spatial shape concealment difficulty measure based on an MPEG-7 descriptor is proposed, with the target to allow the encoder to control the amount of intra-coding refreshment to be used for the shape information in order to improve the concealment performance at the decoder.

I. INTRODUCTION

Image and video error resilience techniques, and especially error concealment, are usually seen as playing a role at the decoder side of the communication chain. This, however, is only partly true since the encoder and the bitstream syntax itself play an important role on what can be achieved at the decoder side in terms of error processing. In fact, even the most advanced decoders in terms of error concealment can do very little if the encoders do not correctly set the relevant encoding parameters, so that the decoder can somehow recover in the case that errors occur. And this is always true, even when there is no back-channel allowing the decoder to communicate with the encoder to explicitly inform or ask for specific error resilience actions.

When determining the encoding parameter values to be used, the encoder will be able to do a better job if it has some knowledge of what will happen at the decoder when channel errors occur. In particular, if the encoder knows how difficult these errors are to conceal, which can be estimated at the encoder by considering the video data being encoded and the coding scheme being used, it will be able to better decide the amount of error resilience overhead to be used. These errors can be concealed in several ways, depending on the type of concealment solution that is being considered. For image coding systems, the errors can only be concealed by using the spatially adjacent information (spatial concealment). However, for video coding systems since the temporal dimension also exists, errors can be concealed by using the spatially adjacent information (as in image coding), the information from past time instants (temporal concealment), or both (spatio-temporal concealment). In addition, with the emergence of object-based image and video coding standards, the concept of object appears and therefore errors can corrupt either the shape and/or the texture data of an object. In this paper, the difficulty of concealing errors on the shape data of image and video objects by using only spatial techniques is considered. With the target to control the amount of intra-coding refreshment to be used for the shape information, a Spatial Shape Concealment Difficulty (SSCD) measure based on the MPEG-7 Curvature Scale Space (CSS) shape descriptor is proposed. It is assumed that the shape coding algorithm is block-based, as is the case for the only available object-based video coding standard, the MPEG-4 standard [1].

II. SPATIAL SHAPE CONCEALMENT DIFFICULTY

In order to define an efficient SSCD measure, it is important to first identify which are the factors that influence the spatial shape concealment difficulty. The two major factors are:

· Intrinsic shape complexity (ISC) ‑ This factor expresses the complexity of the shape associated to its spatial variation. For instance, if a given fraction of the shape has been lost, it is much easier to conceal if the shape to recover is smooth rather than edgy with very fast changes along its contour. This can be seen from Figure 1, where two shapes with different intrinsic complexities are shown.

· Shape grid fitting (SGF) ‑ This factor relates to the way the shape fits in the coding grid imposed by the image/video codec. Although this factor is closely related to the shape size, the shape size itself is not a good difficulty measure; in fact, if a shape with half the resolution in both directions (and thus with a quarter of the size) is encoded using a grid of 8x8 blocks, the concealment difficulty will be about the same as with the original shape being encoded with a 16x16 grid, which shows that the size is not the key factor. This, of course, is true if the detail loss due to the resolution reduction of the contour is not taken into account, which appears to be a good approximation for shapes that are not extremely complex (i.e. the Cyclamen object shown in Figure 1). For these extremely complex shapes, when the resolution decreases so does their complexity because a lot of the detail is lost and the shapes will become smoother, which means that they will also become easier to conceal. For shapes that are not as complex, however, the resolution decrease does not influence much the complexity.
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Figure 1 – Shapes with different intrinsic shape complexity: a) low complexity (Weather); b) high complexity (Cyclamen)

In this paper, it is proposed that the SSCD measure take into account the two factors above, being computed as:
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SSCD is defined as a product of two factors where the first one represents the intrinsic shape complexity, and the second one is a scale factor (ranging between 0 and 1) used to express (the inverse of) the adjustment of the shape to the shape coding grid being used for coding (i.e. an SGF value of 0 corresponds to the best possible adjustment). This way, when SGF approaches zero, so will SSCD and when SGF approaches 1, the SSCD will tend to the ISC value. On the other hand, when ISC approaches zero, SSCD will also approach zero, independently of the SGF value.

A. Measuring ISC

As for the ISC computation, which is intended to measure the shape intrinsic complexity, it is proposed to base it on the contour-based shape descriptor defined in the MPEG-7 standard [2], which uses the Curvature Scale Space (CSS) representation of the contour [3]. This shows that the description tools provided by the MPEG-7 multimedia content description standard can also be useful while encoding video data, and not only for multimedia retrieval and filtering purposes.

The idea behind the CSS representation is that the contour can be represented by the set of points where the contour curvature changes and the curvature values between them. For each point in the contour, it is possible to compute the curvature of the contour at that point, based on the neighboring points [4]; a point whose two closest neighbors have different curvature values is considered a curvature change. In fact, not all curvature changes are needed to compute the CSS representation, but only those changes where the curvature goes from a positive to a negative value or vice-versa. When this happens, the curvature values have necessarily to go through zero and therefore these changes are called zero-crossings of the curvature, as illustrated in Figure 2. As for the average curvature between two of these zero-crossings, it basically corresponds to the angle difference between the tangents to the contour at these two points divided by the arc length joining these two points.
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Figure 2 – Zero-crossings of the curvature

Since the number of zero-crossings of the curvature and the average curvature values between them have shown, in some preliminary experiments, to be a good indication of the spatial concealment difficulty, it is proposed here to define an intrinsic shape complexity measure, to be used as part of the shape concealment difficulty measure, based on the MPEG-7 CSS descriptor. One region-based shape descriptor (Zernike moments), which was initially selected to be included in the MPEG-7 standard but was later superseded by the Angular Radial Transform (ART) due to its improved performance, was also tried as a complexity measure. However, the results obtained showed a very poor discrimination capability between shapes with very different complexities.

In order to generate the CSS representation of a given contour, the considered contour has to be a closed planar curve (i.e. a non self-intersecting contour), with the following parametric representation:
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where

u is the normalized arc length parameter, varying between 0 and 1, and

x(u) and y(u) are the parametric coordinate functions, sampled at equidistant values of u.

The idea is to compute the convolution of the parametric coordinate functions of the curve ( with a 1-D Gaussian kernel with a progressively larger width (, which is equivalent to low-pass filtering the original contour with a filter with a progressively lower bandwidth. This can be implemented by repetitive application of the (normative) low-pass filter with kernel (0.25, 0.5, 0.25) as in [5]. After each pass of the low-pass filter, all the curvature zero-crossings are located. This is simply done by computing the curvature for all the points in the contour and determining where the contour curvature goes from a positive value to a negative one, and vice-versa. This means that in a curve segment between two zero-crossings, the curvature will be either positive or negative for all the points. The curve ( is successively low-pass filtered until it becomes completely convex (i.e. there are no curvature zero-crossings). Finally, the CSS representation of the contour (CSS image) basically corresponds to a plot where the arc length parameter value (relatively to an arbitrary starting point) is the x-coordinate and the number of low-pass filter passes (or iterations) is the y-coordinate.

This CSS generation process is illustrated in Figure 3, which shows a contour at two different stages of the smoothing process (after 20 and 80 passes of the low-pass filter). Next to the contour is the CSS image obtained from the contour evolution, where the contour curvature zero-crossings (A through H) and the corresponding points on the CSS image are marked.
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Figure 3 – CSS image formation [2]
In order to clarify the explanation given above, an example is given in the following. For this, consider the image in Figure 4 a), which basically corresponds to a fish object. The rest of Figure 4 shows the intermediate steps that are taken to generate the CSS representation of the contour for the fish object. In Figure 4 b), d), f), h) and j), the contour of the fish is shown with progressive levels of smoothing where the zero-crossings have been represented by black dots, while Figure 4 c), e), g) and i) correspond to the progressive formation of the so-called CSS image, which is shown in Figure 4 k). The more interested reader should refer to [6] for an animated demonstration of the CSS image formation process.
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Figure 4 – Fish object: a) original image; b), d), f), h) and j) contours with progressive amounts of low-pass filtering (after 3, 13, 30, 45 and 60 passes of the low-pass filter, respectively); c), e), g), i) and k) corresponding progressive formation of the CSS representation [6]
It should be noticed that as low-pass filtering smoothes the contour, the zero-crossings will group two by two, approaching each other until they merge and finally disappear, forming a CSS peak. Each zero-crossing does not necessarily group with an adjacent zero-crossing, which means that at the end smaller peaks can exist inside larger ones. These smaller peaks, which visually correspond to small ripples in the contour, are due to contour sections delimited by two zero-crossings that are close together and therefore, even if the curvature value between them is large, the small ripple in the contour disappears after the first few passes of the smoothing filter. Adding noise to a relatively smooth contour will have this same effect, as shown in [Mokhtarian1996]. On the other hand, the highest peaks correspond to sections of the contour delimited by two contour zero-crossings further apart than in the previous case and with a higher average curvature value between them.

Since the number of contour direction changes and their intensities are closely associated to the shape complexity, it is proposed that the parameter ISC be computed by:
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where

j is the index corresponding to the j-th peak of the MPEG-7 CSS representation, and

Peak(j) is the amplitude of the j-th peak of the MPEG-7 CSS representation.

As in the MPEG-7 standard [2], the amplitude of a given peak is determined based on the CSS image, as follows:
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where

y_css(j) is the number of iterations that are necessary to create the j-th peak in the CSS image, and

num_samples is the number of equidistant samples that are used to represent the contour; in this case, the number of samples used to represent the contour is equal to the number of points in the contour.

Additionally, since the smaller peaks correspond to noise, only the prominent peaks will be considered in Equation (3). As in [5], a prominent peak is a peak that amounts to at least 5% of the highest peak.

The above explanation was given for objects that have a single contour. However, it is possible for objects to have more than one contour. This happens for objects whose alpha planes (1-bit map representing the shape) have non-connected regions or holes, such as the Cyclamen object in Figure 5. As can be seen, when the contour is extracted from the alpha plane, multiple contours appear (in this case, 7). Therefore, the CSS representation has to be computed for all the individual contours and Equation (3) is used, but instead of adding just the peak amplitudes of a single contour, the peak amplitudes of all contours related to the object in question are added.
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Figure 5 – a) Video object with (6) holes and b) its multiple contours (7)

B. Measuring SGF

In order to define the SGF, it is important to acknowledge that the use of a block-based coding grid implies the existence of three types of shape blocks in the alpha plane: transparent blocks (all the shapels
 are transparent), opaque blocks (all the shapels are opaque) and border blocks (block with both opaque and transparent shapels). These different types of shape blocks are illustrated in Figure 6.
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Figure 6 – Three different possible types of shape blocks in an alpha plane

Of these three cases, the border blocks correspond to the hard case in terms of shape concealment since an opaque-transparent frontier has to be defined. By comparison, the concealment of the two other cases is rather trivial. Therefore, when considering two shapes with the same ISC values, the one with a larger percentage of border blocks is considered harder to conceal. Similarly, if two shapes with the same ISC values and the same percentage of border blocks are considered, the one with the higher ratio of opaque shapels inside border blocks versus the total amount of opaque shapels should be considered harder to conceal. This is so, because if border blocks in the object that has a larger percentage of opaque shapels in border blocks are lost, a larger percentage of the whole shape will be affected. Therefore, the proposed definition for the parameter SGF is:
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and



[image: image25.wmf]shapels

 

opaque

 

of

number 

 

total

blocks

border 

in 

 

shapels

 

opaque

 

of

number 

=

B

.
(7)

The two factors A and B express the effects described above in terms of spatial shape concealment. Since these two factors vary between 0 and 1, their product will also vary between 0 and 1. However, these two factors are not completely independent and therefore the simple multiplication of them will yield an artificially small value. To avoid this undesirable effect, the square root is used which means that the SGF parameter becomes the geometric average of the two factors described above.

III. SSCD PERFORMANCE

In order to illustrate the performance of the proposed SSCD measure in terms of expressing the spatial shape concealment difficulty, some results are shown in Table 1 for the shapes with different complexities presented in Figure 7. The images in Figure 7 correspond to the first time instant of the video object sequences Cyclamen, Stefan, Weather and Logo.
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Figure 7 – Shapes with different spatial concealment difficulties in their bounding boxes with overlaid coding grid (16x16 shapel blocks): a) Cyclamen; b) Stefan; c) Weather; d) Logo

Table 1 – ISC, SGF and SSCD measures for various shapes with different resolutions



QCIF (176x144)
CIF (352x288)

Cyclamen
ISC
6.933
8.504


SGF
0.816
0.624


SSCD
5.657
5.309

Stefan
ISC
1.377
1.312


SGF
1.000
1.000


SSCD
1.377
0.957

Weather
ISC
0.904
0.951


SGF
0.461
0.246


SSCD
0.417
0.234

Logo
ISC
13.256
14.243


SGF
1.000
1.000


SSCD
13.256
14.243

Based on the knowledge that the shape encoding scheme is block-based (like the MPEG-4 shape coding algorithm) and that the decoder will use spatial shape concealment techniques, any error concealment expert can order these shapes (displayed in the same QCIF resolution) according to their spatial concealment difficulty, starting with the Logo object as the hardest to conceal followed by Cyclamen, Stefan and, finally, Weather. This order is reflected by the SSCD values, shown in Table 1, indicating that the proposed objective metric reaches the target to automatically express how difficult it is to conceal a given object using spatial concealment techniques. In addition, the SSCD values also increase as the resolution goes down because the objects will become increasingly harder to conceal, notably because the percentage of border blocks will increase. The only exception here is the Logo object, whose SSCD value increases with the resolution. This can be explained by considering two facts. First of all, the SGF is 1 for both QCIF and CIF resolution due to the fact that the object is so complex that no opaque blocks exist, only border blocks. And secondly, since this object is extremely complex, when the resolution decreases a lot of detail is lost, meaning that the object actually becomes smoother and, therefore, easier to conceal. For the Cyclamen object, the ISC value also increases with the resolution, but since the SGF value decreases more, the SSCD will also decrease when the resolution increases. As for the remaining objects, they are much smoother and therefore the detail loss due to resolution reduction is not as strong as for the Logo and Cyclamen objects and the ISC values are practically constant for both resolutions.

IV. CONCLUSION

An objective spatial shape concealment difficulty measure was proposed based on a MPEG-7 standard descriptor, which correctly reflects the concealment difficulty of shape information by using only spatial information. This measure can be used in any image or video object-based encoder (as long as the shape coding algorithm is block-based) to estimate the dimension of the problem put to the decoder when it comes to concealing corrupted images. In particular, the proposed measure can be very useful to determine the intra-coding refreshment rates to be used for the various objects in the context of the recently finalized MPEG-4 audiovisual coding standard. In alternative, notably for still images, the proposed measure may be used to control the amount of channel coding introduced at the Systems level.
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� A shapel is an element of the alpha plane (shape support); its name results from the contraction of the words shape and element.
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