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Description

Field of the Invention

[0001] This invention relates to the representation and coding of contour of arbitrarily shaped image objects, primarily
of video image objects, wherein different portions of a predetermined shape may be coded at varying quality, or fidelity,
levels, depending upon the content of the shape.

Background of the Invention

[0002] Content-based coding and manipulation of video is one of the core functionalities supported by the emerging
international Moving Picture Experts Group (MPEG), standard for coding audiovisual signals, and specifically, the
MPEG4 standard. This functionality requires representation and coding of contour and texture of arbitrarixy shaped
image objects.
[0003] Known methods of shape recognition include methods such as that used in the WebSEEk program, which
searches a collection of computer files containing image and video data by file type, i.e., GIF, MPEG, and text refer-
ences. The system then decompresses the files, analyses the contents of the files for colors andlor texture. An icon is
formed which includes a miniature version of the image, which icons may be examined for specific types of images.
[0004] Another shape recognition program is known as Query by Image Content (QBIC), which is an IBM® product.
QBIC examines an image file for color, contrast, coarseness and direcuonallity. Only limited shape information is made
available during image analysis, and the image is analyzed as a whole. The known methods are quite slow, are resource
intensive, and do not readily enable searching by shape criteria. The method of the invention are intended to overcome
these limitations.
[0005] In the MPEG4 document, in effect as of the filing date of this application, block-based, spatial-resolution
scalable shape coding was implemented using a shape pyramid in the MPEG4-Shape Coding Core Experiments (SC-
CE). Given a binary bit map representation and image object shape, a three-layer shape pyramid is formed for each
macro-block. This technique is explained in connection with Fig. 1 herein. The shape pyramid 10 includes, in this
representation, three layers. The base (coarsest) layer (Layer 0) 12 is formed by averaging a window of 4x4 pixels,
and thresholding the result in order to clip it to either 0 or 1. The resulting block is 4x4. The next layer (Layer 1) 14 is
formed by repeating this process using a window of 2x2 pixels, resulting in a finer resolution layer of 8x8 blocks. The
finest layer (Layer 2) 16 has the original macroblock resolution. Macroblocks in the base layer are coded by themselves.
Macroblocks in Layer 1 are coded differentially in reference to macroblocks in Layer 0. That is, macroblocks in the
base layer are upsampled and their difference (residual) from co-located macroblocks of Layer 1 are coded. Similarly,
Layer 2 is coded differentially in reference to Layer 1 and so on. Residually coded layers (Layer 1, 2, ..) are referred
to as "enhancement layers." Coding the macroblock and residual macroblock data may be performed in various efficient
ways. Two methods were proposed in MPEG4. The known methods, however, sample a layer or an image at the same
resolution over the entire layer or image. Some parts of an image are more important than others, and warrant a higher
resolution. Hierarchical shape pyramid has been discussed in MPEG4 for use with spatial scalability, but has not been
discussed in connection with content scalability.
[0006] In "Adaptive visual image coding" an extension of hierarchical visual pattern image coding is described, which
results in a decreased bitrate for most images with very little additional computation. After coding but before a trans-
mission process an encoder analyzes the process performed by the encoder and reduces the transmission bit rate by
eliminating high-resolution information about low-resolution portions of the image. The proposed method is adaptive
in the sense that the bit rate is locally adjusted to match the level of detail present in an image region.

Summary of the Invention

[0007] Content-scalable shape coding allows a part of a shape contour, corresponding to a visually salient (more
important) feature, to be represented and coded with higher fidelity than its remaining parts. For instance, the part of
the contour associated with the face of an image object containing the head and upper body of a human subject may
be allocated a larger number of bits than the remaining parts of the contour. This strategy, based on the premise that
the facial region of a talking huran subject is more important than the rest of the body, results in increased visual quality
in situations where the bit budget is limited. Essentially, more bits are spent to encode parts of the contour that are
visually more important. Content-scalable shape coding also facilitates error resilience when the bits corresponding to
the most important part of the contour are tightly protected in a noisy channel environment.
[0008] In this disclosure, a method for content-scalable shape representation is described. In content-scalable shape
representation, the more important parts of the image are encoded using a larger number of bits within a single hier-
archical layer, or within one or more layers of multiple hierarchical layers. This representation may be used with the
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framework of the hierarchical vertex-based shape representation technique described herein and in the related appli-
cation, cited above. The method described herein provides for the representation of shapes either by selected vertices
along a contour, or by binary bit maps. The resulting representation facilitates content-scalable coding.
[0009] It is an object of this invention to provide a method of content-scalable shape representation that will represent
visually more important features of an image using relatively high fidelity encoding.
[0010] Another object of the invention is to allow the representation of an important segment of a video image with
a greater number of bits in a bitmap, or with a greater number of bits in a hierarchical layer.
[0011] These and other objects and advantages of the invention will become more full apparent as the description
which follows is read in conjunction with the drawings.

Brief Description of the Drawings

[0012]

Fig. 1 depicts a macroblock army and a 3-layer pyramid representation thereof.
Fig 2 depicts as image region and a contour about an important part of the image.
Fig. 3 is a depiction of a step in the shape representation method of the invention.
Fig. 4 depicts an array of macroblocks containing an important part of the image of Fig. 2.
Fig. 5 is a block diagram of a decision mechanism to determine the number of scalability layers for each macroblock.
Fig. 6 is a block diagram of a variation of the decision mechanism to determine the number of scalability layers
for each macroblock.
Fig. 7 is a block diagram depicting macroblocks for various hierarchical layers.
Fig. 8 is a block diagram depicting a vertex-based, hierarchical shape representation method.
Fig. 9 is a schematic representation of the hierarchical layers used in the method of Fig. 8.

Detailed Description of the Preferred Embodiments

[0013] The method described herein is a method of generalized content-scalable shape representation and coding,
which may be used with a vertex-based, hierarchical shape representation and coding technique, described in our
above-cited co-pending application, or with a bit-mapped image. In the vertex-based method, the same resolution is
used across an entire layer representing an image object of interest. In the method described herein, a higher fidelity,
i.e., a greater number of bits, is used to represent important segments of the image object. This higher fidelity technique
may be used with a bitmap, wherein the image is contained in a single "layer," or in conjunction with the hierarchical
shape representation technique.

Content-Based Scalable Shape Coding

[0014] A hierarchical vertex representation, as described in our co-pending application, cited above, allows a decoder
to reconstruct a contour at different accuracy by decoding parts of the bit stream, which is called "quality scalability."
A decoder may decide on the number of layers of vertices that needs to be used in the reconstruction of a contour to
achieve a certain accuracy. For instance, for best possible representation using the least number of vertices, the de-
coder may choose to decode only the vertices at the base level, i.e., the most salient vertices. For higher accuracy,
vertices belonging to less salient levels need to be decoded as well.
[0015] A decoder may make this decision in consideration of the available display resolution, for example. A rela-
tionship between a saliency parameter Dmax and the display resolution may be defined to implement spatially scalable
shape coding. Because a high resolution display usually reveals more details of a shape, the decoder may decide to
use more layers of vertices for such a device. To use more layers of vertices means to include layers of vertices
associated with smaller Dmax's. Therefore, one may define the relationship between the saliency parameter Dmax and
the display resolution such that, as the resolution increases, lower values of Dmax are required in order to include more
layers of vertices.
[0016] In a spatially-scalable coding application, the decoder reconstructs a spatially lower resolution of the video
objects, and hence a spatially lower resolution of the video images. In other words, the texture and shape is recon-
structed at a lower spatial resolution. In a spatially-scalable coding, the decoder may use the base layer vertices in
reconstructing the object shape at lowest spatial resolution; the coordinates of the vertices are scaled down by M,
where M denotes the factor of spatial resolution reduction in both horizontal and vertical dimensions. For instance, M
can be 2, 4, or any integer.
[0017] Content-scalable shape coding is achieved by representing important parts of the contour by a greater number
of layers. Important parts of the contour are those parts that surround important parts of the objects, such as the face
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of a human subject.
[0018] Referring now to Fig. 2, the process of defining the important part of a shape contour will be described. Shape
representation is used in object-based image and video compression where image or video objects (VO) are coded
separately from other objects. Video is analyzed into video objects, which objects are described by their shape, texture
and motion. An object based encoder and decoder are provided. The shape encoder encodes a particular represen-
tation of the shape, e.g., a vertex-based representation, or a binary shape bitmap based representation. Vertex-based
shape representation uses a subset of points along the shape contour. A binary image, with value "1" within the spatial
region occupied by the object and "0" otherwise, is the binary bitmap representation of the shape.
[0019] As shown in Fig. 2, an image object 18 may have a salient subregion 20 (e.g., face region) that may be of
visual importance, as represented by the heavy line 22. In content-scalable coding, the part of the contour describing
the shape of the object, that surrounds this important region, may be represented by a larger number vertices than the
remaining parts 24 of the contour that are relatively less important. This may be achieved by using one or both of the
following mechanisms: (i) the contour surrounding the important region may be represented by a larger number of
hierarchical layers; (ii) smaller valued control parameters, Dmax, may be used for parts of the contour surrounding the
important regions. Vertices selected using larger Dmax tend to capture more significant characteristics of the contour
while those with smaller Dmax tend to capture more subtlety of the contour. The first mechanism (i), is more suited to
a situation where the are multiple layers of vertices to be coded; the second mechanism, (ii), is best suited to a situation
where a single layer of vertices is present.
[0020] Assume that the video image of interest is segmented into objects. Such a segmentation map may be available
if the video were generated using blue-screen techniques. Otherwise, it may be automatically determined using various
segmentation algorithms or manually constructed by the user.
[0021] The important sub-regions of image objects may be either determined manually by the user or by an automatic
algorithm, e.g., by an automatic face detection algorithm, as described by R. J. Qian, T. S. Huang, "Object Detection
Using Hierarchical MRF at MAP Estimation," Proc. Computer Vision and Pattern Recognition, Puerto Rico, June 1997.
The important segments of an object contour, the contour of interest, is represented by Bu, where the contour C is
expressed as the union C = ∪ Bu. The number of hierarchy layers is chosen for each segment depending on the
importance of the object sub-region that it surrounds; we denote the number of layers by L(u). If Bu, is the most important
part of the contour, then L(u) ≤ L(u') = L. The parameter Dmax, which is a function of L, is also a function of the segment
of the contour. We express this dependence by Dmax[L,u].
[0022] The points on a contour C, line "C" in Fig. 3, are ordered as P0, P1, ..., PN-1. The extracted vertices will be
called S0[j], S1[j], ..., SM(j)-1[j], where j denotes the jth layer and M(j) is the number of vertices. The three major steps
of the content-scalable method are as follows:

Step 1: Initialization.

(1a) Select the total number of layers for each segment: L(u). (This may be done by the user depending
on the relative importance of the contour segments.)

(1b) Select the saliency parameter (a predetermined saliency parameter) for each layer and for each
segment; record each predetermined saliency parameter in an array called Dmax[L,u].

Step 2: Extract salient points in layer 0 (the most salient layer that exists for all segments Bu). (Refer now to
Fig. 3)

(2a) Start from any point, i.e., Pn. Form a straight line 26 between Pn and Pm, where Pm=Pn+2. Compute
the distance dk between each contour point Pk, where n<k<m, and straight line 26. Choose the
largest distance dmax from dk, also where n<k<m. If dmax ≥ Dmax[0,u], record Pmax as a salient point
at layer 1, i.e., S0[0], then go to step 2b. If dmax < Dmax[0,u], move Pm to its next contour point, i.e.,
Pm=Pm+1 and repeat the above process until a salient point is found.

(2b) Use S0[0] as a start point as Pn in step 2a and repeat the process in step 2a until the next salient
point S1[0] is found. Then use S1[0] as a start point and repeat the process until the next salient
point is found, or the process searches back to S0[0]. Go to Step 3.

Step 3: Extract salient points in layer j > 0.

(3a) Within the contour segment between each pair of adjacent salient points in the previous layer, i.e.,
Si[j-1] and Si+1[j-1], repeat the salient point extraction process as in Step 2, but using Dmax[j,u].
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Extract salient points at this layer, j>0, over the segment Bu, provided that j < L(u). Record the
extracted salient points that satisfy this constraint as S0[j], S2[j], ...., SM(j)-1[j].

(3b) Repeat step 3a until j = L-1, where L is the maximum value of L(u). Then stop.

There is, in general, more than one image object in the scene, and the above process may be applied to each image
object sequentially. Some objects, as a whole, may be more important than others. If that is the case, the parameters
of vertex selection (layer numbers and the saliency parameters) may be adjusted accordingly from one object to an-
other.
[0023] Another approach not covered by the invention uses binary bitmap based shape representation. Referring
now to Fig. 4, the bitmap of Fig. 2 is divided into contiguous blocks, and coded block by block, as considered in
MPEG4-SCCE standardization as it exists at this time. The blocks, U1 to U6 to Z6, which are 16x16 pixel blocks, are
called macroblocks. In Fig. 4, macroblocks containing important parts of the contour are denoted by letters A through
J, i.e., block W2 is designated as "A."
[0024] Returning now to Fig. 1, in the MPEG4 document block based spatial-resolution scalable shape coding was
implemented using a shape pyramid as described in the MPEG4-SCCE. A three layer, hierarchical pyramid 10 is formed
for each macroblock. The base (coarsest) layer (Layer 0), 12, is formed by averaging a window of 4x4 pixels, and
thresholding the result in order to clip it to either 0 or 1. The resulting block is 4x4. The next layer (Layer 1), 14, is
formed by repeating this process using a window of 2x2 pixels, resulting in 8x8 blocks. The finest layer 16 has the
original macroblock resolution. Macroblocks in the base layer are coded by themselves. Macroblocks in Layer 1 are
coded differentially in reference to macroblocks in Layer 0. That is, macroblocks in the base layer are upsampled and
their difference (residual) from co-located macroblocks of Layer 1 are coded. Similarly, Layer 2 is coded differentially
in reference to Layer 1 and so on. Residually coded layers (Layer 1,2, ..) are referred to enhancement layers. Coding
the macroblock and residual macroblock data may be performed in various efficient ways. Two methods were proposed
in MPEG4.
[0025] In the MPEG4 scheme for spatial resolution scalability, every macroblock is coded using N=3 layers of hier-
archy. An important feature of our invention is to realize content-scalability using variable number of scalability layers
to represent each macroblock, i.e., only those macroblocks containing the important parts of the contour (denoted by
letters A to J in Fig. 4) are coded using all the N layers in the hierarchy. Besides content scalability, the method described
herein also extends the spatial-resolution scalability proposed in the MPEG4 document to a "smarter" spatial scalability
where compression efficiency is increased since additional layers do not need to be coded for unimportant macroblocks.
The accuracy of shape representation as well as the bit consumption increases with the number of hierarchy layers.
[0026] The number of layers required for each macroblock may be determined on the basis of content importance
as shown in Fig. 5, where up to N layers of hierarchy is assumed.
[0027] The bitstream corresponding to macroblocks in the base layer and residual macroblocks in the enhancement
layers may be placed separately in the entire bitstream to provide bit-stream scalability. For instance, all Layer 0 mac-
roblock data is placed in one bitstream and enhancement layers (if any) are placed in separate bitstreams, as depicted
in Fig. 1.
[0028] Referring now to Fig. 5, a first decision mechanism to determine the number of scalability layers for each
macroblock on the basis of its importance is shown generally at 28. Macroblocks in the most important region are
coded with N layers. Parameter SI, the scalability indicator, denotes the number of hierarchy levels. Decision mecha-
nism 28 starts at block 30. The number of the layer of the hierarchy is set, block 32. Mechanism 28 determines whether
the macroblock (MB) is in the least important region, block 34, and if so, goes to the end, block 36. If the MB is not in
the least important region, SI is incremented by 1, block 38, and the determination is repeated, block 40, until such
time as SI=N. block 42.
[0029] Fig. 6 depicts a second decision mechanism 44, which starts at block 46, sets SI="1 layer", block 48, and
wherein the determining factor is whether the MB is in a more important region and there is at least one Error-PB, block
50. ("PB" is a short-hand representation for a 4X4 pixel block) If the answer is "no," the mechanism proceeds to end
block 52. If the answer is "yes," SI is incremented by 1, block 54, and the next decision block 56 tests the conditions.
Again, this is repeated until SI=N layers, block 58.
[0030] As shown in Fig. 7, a macroblock 1 (MB1) 60 contains a lesser important part of the contour than macroblock
2 (MB2) 62 since MB1 is represented and coded using only 2 layers, blocks 60 and 66. MB2 is represented and coded
using three layers, blocks 62, 64 and 68, where block 62 is the lowest layer, block 64 is the middle layer and block 66
is the upper layer. In the bitstream, macroblocks of the base layer and the enhancement layers are stored in separate
layers. The decoder may only decode the base layer macroblocks to reconstruct the shape at lowest quality. Then,
with decoding of additional enhancement layers, important parts of the shape are improved in quality.
[0031] In general, a shape pyramid with an arbitrary number of resolution layers may be used in realizing content
scalability. For instance, in the case of two layers, the coarsest (base) layer may be obtained by sub-sampling the
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bitmap by a factor of 2 in both directions. Furthermore, lossless coding of shape may also be achieved by adding an
additional layer where the coding error at the highest resolution is encoded in a lossless manner.
[0032] Content scalability may be realized using any type of multi-resolution shape representation. An alternative
multi-resolution representation of a shape bitmap for realizing content scalability is obtained using the scan interleaving
representation specified in MPEG4-SCCE. In scan interleaving, the bitmap is first sub-sampled by a factor of 2 only in
the horizontal (vertical) direction. The sub-sampled pixels are predictively coded in reference to the remaining pixels.
The next coarser layer is created by sub-sampling the resulting bitmap by a factor of 2 in the vertical (horizontal)
direction. The sub-sampled pixels are predictively coded in reference to the remaining pixels. This layer is predictively
coded in reference to the bit map obtained by sub-sampling by a factor of 2 in both directions, and coded by a bit map-
based shape coding method. In this scheme, content scalable shape coding may be achieved by coding the base layer
and then coding the two additional layers for only those pixels belonging to a rectangular area containing the most
important part of the shape bit map.
[0033] The method of the invention facilitates content-scalable shape coding. Contours surrounding important sub
regions of an image object will be coded with larger number of bits. In the case of a fixed bit budget, this will result in
increased quality of important sub-regions at the expense of relatively less important sub-regions of an object.
[0034] Important sub-regions, such as faces, may be detected automatically at each frame of the video sequence,
or detected at the first frame and motion-tracked subsequently through the sequence using techniques such described
by Qian, cited above, and Hager & Belhumuer, "Real-Time Tracking of Image Regions with Changes in Geometry and
Illumination," Proc. Int. Conf. Computer Vision and Pattern Recognition, pp. 403-410, San Francisco, Ca, 1996, re-
spectively.

Content-Scalable Shape Coding Based on the IMMR Method

[0035] Shape pyramids may be used to provide spatial scalability to the Improved Modified Mean Replacement
(IMMR) method, as described in International Organisation for Standardization, "Core Experiments on MPEG4 Video
Shape Coding," Document ISO/IEC JTC1/SC29/WG11 N1382, November, 1996, hereinafter, the "ISO Document." In
practicing one way in which to implement this idea, a variable called scalability-indicator (SI) is defined for each mac-
roblock in a video object plane (VOP). The variable SI stores the information of how many layers of the shape pyramid
are coded for the corresponding MB. SI has values such as "1 layer", "2 layers", etc.. The value "1 layer", for example,
indicates that there is only one layer coded for the MB and the layer has the lowest resolution. Similarly, "N layers"
indicates that there are N layers coded for the MB and they correspond to N different resolutions ranging from the
lowest to the Nth highest resolution. The conversion-ratio (CR) in the IMMR syntax should be replaced with SI. This
results in a modified syntax which is bit-wise compatible with the existing IMMR syntax and has the following structures:

[0036] SI may be coded using the entropy coding methods. For an implementation which uses 3-layer shape pyra-
mids, the following Variable Length Code (VLC) table may be used for coding
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[0037] In Table 3, "1 layer" indicates that there is only one layer coded for the MB and the layer has the lowest
resolution, which corresponds to CR = ϖ in this case. Similarly, "2 layers" indicates that there are two layers coded for
the MB and their resolutions are CR = ϖ and CR = υ. Finally, "3 layers" indicates that there are three layers coded and
their resolutions are CR = ϖ, CR = υ and CR =1.
[0038] Content scalability may be added to the IMMR method by using the above SI-enabled syntax and an SI
determination algorithm depicted in Figs. 5 or 6. Depending on the ranks, in terms of importance, of the different parts
of a shape contour, their corresponding MBs may be coded using different number of layers. The greater the number
of layers, the higher the resolution, therefore the better the quality of shape representation. Figs. 5 and 6 represent an
SI determination algorithm for content scalable shape coding. The methods for coding the different layers based on
the IMMR method are described in the ISO Document.
[0039] When an MB uses more than one layer, the IMMR codes for its different layers may be cascaded together in
the order of ascending resolutions.

Content-Scalable Shape Coding Based on the Context-based Arithmetic Encoding (CAE) Method

[0040] An alternate method of coding may be used to implement spatial scalability and to add content scalability to
the block-based CAE method. The variable SI is employed again in this case and is added to the CAE syntax listed in
the cited ISO document. The modified CAE syntax have the following structures:

[0041] Again, SI may be coded using the entropy coding methods. An implementation which uses 3-layer shape
pyramids, as shown in Table 3, may be applied.
[0042] For content scalability, the SI determination algorithm in Figs. 5 or 6 may be used for the block-based CAE
method. The methods for coding the different layers based on the CAE method are described in the cited ISO document.
When an MB uses more than one layer, the CAE codes for its different layers may be cascaded together in the order
of ascending resolutions.

Table 3:

VLC

SI Code

1 layer 0

2 layers 10

3 layers 11
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Content-Scalable Shape Coding Based on the Baseline Method

[0043] For the block-based Baseline method described in the previously cited ISO document, the IMMR and CAE
methods may be used to implement spatial scalability and to add content scalability. Again, the "CR" term in the
mb_layer() syntax described in the ISO document is replaced with SI as previously defined. The modified syntax is bit-
wise compatible with the existing syntax of the block-based Baseline method and listed as follows.

[0044] SI may be coded using the entropy coding methods. For an implementation which uses 3-layer shape pyra-
mids, the Table 3 VLC values may be applied.
[0045] For content scalability, the SI determination algorithm in Figs. 5 or 6 may be used for the block-based Baseline
method. The methods for coding the different layers based on the Baseline method are described in the ISO document.
When an MB uses more than one layer, the Baseline codes for its different layers may be cascaded together in the
order of ascending resolutions.
[0046] A content-based image and video database may use shape directly as one of the features representing the
image content, especially when a shape is a major discriminator among database objects. In such a case, shape may
be represented using multiple layers of hierarchy. Fast browsing may be performed on the basis of shape alone, where
shape may be progressively refined as needed during browsing. When it is determined that the shape belongs to the
desired object(s), the shape and associated texture may be reconstructed at their highest accuracy for presenting the
object to the user. In such a database, texture may or may not be represented in a hierarchical manner. In the latter
case, texture representation may be associated with the highest quality version of the shape. In such a case, similarity
measures, matching criteria may also be executed in a hierarchical manner. For instance, a matching score may be
first calculated using the most salient vertices. Further consideration may be based on whether there is a match at this
lower level.

Vertex-Based Hierarchical Shape Representation

[0047] In this embodiment, fully described in our co-pending application, cited above, shape is represented via ver-
tices, i.e., points on the shape contour. Such representation is referred to as vertex-based shape representation. Fig.
8 depicts the major steps of determining a vertex-based hierarchical shape representation, generally at 70, and an
image of interest at 72. Shape may be initially represented by a binary shape map where the gray levels corresponding
to the video object (VO) 74 of interest is assigned the value of "1" and the remainder 76 of the video image is set to
"0". A boundary 78 is established between object 74 and remainder 76. A contour tracing step 80 determines the
coordinates of all the pixels, or contour points, that are on boundary 78 of the object of interest 74. Representative
vertices, S0, S1, S2...Sn, are selected from this set of contour points. The next two steps include hierarchical vertex
selection 82 and hierarchical vertex-based shape representation 84.
[0048] The hierarchy, as used herein, is defined in terms of "visual saliency," i.e., significance of a set of vertex points
in representing the contour of a video object. At the base hierarchy layer, layer "0'', the most salient vertex points are
determined, which vertex points capture the most salient features of the shape of the object of interest. At subsequent
layers, points of lesser saliency are determined. The set of all vertex points determined at all layers form a hierarchical
representation of the contour of the video object in question. Vertex points belonging to different layers reflect different
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visual saliency. The vertices belonging to the base layer may be used to represent the contour with the least possible
number of vertices that are salient. Vertices of subsequent layers may be incrementally added to obtain a representation
with increased accuracy.
[0049] Hierarchical representation is created by selecting multiple set of vertices where each set constitutes a layer
in the hierarchical representation, which is referred to herein as hierarchical vertex selection, 82. Representation by
larger number of vertices is obtained by combining the vertices from the higher levels. Fig. 9 depicts a five-layer rep-
resentation of an example shape, shown generally at 90. The base layer (Layer 0) 92 has eight vertices (S00 - S70)
which capture the most salient feature of the shape, 94. The next most salient layer, Layer 1 (96), has four vertices
(S01 - S31). The representations in the drawing depict the layers combined in a reconstructed condition, so that the
effect of adding more vertices is seen as the shape gains definition. Layer 2 (98) and layer 3 (100) have their own sets
of vertices which add additional features to the shape, and so on, until the relatively smooth representation of Layer 4
(102) may be seen to depict the outline of a tennis player. The vertices in any designated layer comprise a set of
vertices, i.e., Layer 0 has a collection of vertices in Set 1; Layer 2 has a collection of vertices in Set 2, and so on. As
depicted in Fig. 9, each layer is shown with the vertices from that layer's set as well as the vertices from the layer sets
of more salient layers.
[0050] The Vertex-Based Hierarchical Shape Representation method facilitates shape recognition and allows recon-
struction of an image to varying degrees of fineness, i.e., a representation of the shape of the video object using only
those contour points located in Layer 0 will result in a coarse representation when the base layer vertices are decoded
and the object is reconstructed. The incorporation of vertices from less salient layers will require reconstruction using
more bits, and will result in a representation of higher quality.
[0051] There are various different representations of shapes. Binary shape map 72 is a possible representation by
itself. Representation by the shape contour 78, and specifically by vertices on the contour (S0 - Sn), readily provides
a description of the object shape and may be directly used in manipulation of the object.
[0052] A hierarchical vertex-based representation is advantageous in many applications. For instance, it facilitates
fast browsing through content based image and video databases. The image objects may be reconstructed with their
shapes represented with the least number of vertices that are on the other hand most salient. The user may quickly
decide to skip to another candidate, when the most salient representation of the shape does not fit what the user is
looking for. The user will then consider the next candidate or modify the query. Otherwise, the user will request a
reconstruction of the object using additional layers of its shape information to make a decision to retrieve the object in
its entirety.
[0053] Shape coding efficiency may be increased using motion-compensated predictive coding of vertices. In the
case of the proposed hierarchical representation, vertices at the current frame are predicted from the previous frame
using those that belong to the same hierarchy layer.
[0054] Thus a method of generalized content-scalable shape representation and coding has been disclosed. Varia-
tions and modifications may be made thereto without departing from the scope of the invention as defined in the ap-
pended claims.

Claims

1. Method of content-scalable shape representation and coding for use on an image object, comprising the steps of:

(a) determining important segments of an image object shape from the image object and defining a contour
of interest about the periphery of the important segment and using a relatively larger number of vertices for
the contour of interest;
(b) selecting, for each important segment of an image object shape, a total number of layers for each segment;
(c) coding the important segment of the image object with more bits allocated thereto than to the remaining
segments of the image object
characterized in that
(d) a saliency parameter (Dmax) is selected for each layer and for each segment; and
(e) shapes/contours are determined by extracting salient points for each layer and for each segment on the
basis of each said different saliency parameter,
(f) wherein said saliency parameter (Dmax) corresponds to a minimum of a largest distance (dmax) of a given
contour point to be considered as salient with respect to a straight line joining two points of said contour.
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Patentansprüche

1. Verfahren zur Darstellung und Codierung inhaltsabhängig skalierbarer Formen zur Verwendung bei einem Bild-
objekt, mit den folgenden Schritten:

(a) Ermitteln bedeutender Segmente einer Bildobjektform aus dem Bildobjekt und Definieren einer interessie-
renden Kontur um den Umfang des bedeutenden Segments herum, wobei eine relativ große Anzahl von Schei-
telpunkten für die interessierende Kontur verwendet wird;
(b) Auswählen, für jedes bedeutende Segment einer Bildobjektform, einer Gesamtanzahl von Schichten für
jedes Segment;
(c) Codieren des bedeutenden Segments des Bildobjekts, wobei ihm mehr Bits als den restlichen Segmenten
des Bildobjekts zugeordnet werden;
dadurch gekennzeichnet, dass
(d) ein Auffälligkeitsparameter (Dmax) für jede Schicht und für jedes Segment ausgewählt wird; und
(e) Formen/Konturen dadurch ermittelt werden, dass auffällige Punkte für jede Schicht und für jedes Segment
auf Grundlage jedes der genannten verschiedenen Auffälligkeitsparameter entnommen werden;
(f) wobei der Auffälligkeitsparameter (Dmax) dem Minimalwert des größten Abstands (dmax) eines vorgege-
benen Konturpunkts, der als auffällig anzusehen ist, in Bezug auf eine gerade Linie, die zwei Punkte dieser
Kontur verbindet, entspricht.

Revendications

1. Procédé de représentation et de codage de forme évolutif en fonction du contenu à utiliser sur un objet formant
image, comprenant les étapes consistant à :

(a) déterminer des segments importants d'une forme d'objet formant image à partir de l'objet formant image
et définir un contour d'intérêt autour de la périphérie du segment important et utiliser un nombre relativement
plus grand de sommets pour le contour d'intérêt ;
(b) sélectionner, pour chaque segment important d'une forme d'objet formant image, un nombre total de cou-
ches pour chaque segment ;
(c) coder le segment important de l'objet formant image avec plus de bits attribués à ce dernier qu'aux seg-
ments restants de l'objet formant image
caractérisé en ce que
(d) un paramètre de saillie (Dmax) est sélectionné pour chaque couche et pour chaque segment ; et
(e) des formes / contours sont déterminés en extrayant des points saillants pour chaque couche et pour chaque
segment sur la base de chaque dit paramètre de saillie différent,
(f) dans lequel ledit paramètre de saillie (Dmax) correspond à une valeur minimale de la distance la plus
grande (dmax) d'un point de contour donné à considérer comme saillant par rapport à une ligne droite joignant
deux points dudit contour.



EP 1 012 788 B1

11



EP 1 012 788 B1

12



EP 1 012 788 B1

13



EP 1 012 788 B1

14



EP 1 012 788 B1

15



EP 1 012 788 B1

16



EP 1 012 788 B1

17


	bibliography
	description
	claims
	drawings

