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Spatio-temporal shape prediction and efficient coding

Zhu Zhongjie', Wang Yuer', Jiang Gangyi’
1. Ningbo Key Lab. of DSP, Zhejiang Wanli University, Ningbo 315100, China;

2. Institute of circuits and system, Ningbo University, Ningbo 315211, China

Abstract: Objective The use of a shape is a popular way to define objects, and efficient shape coding is a key technique in
object-based applications. Shape coding is also a hot research topic in the field of image and video signal processing, and
many shape-coding techniques have been proposed. Among these methods, chain-coding is a popular technique that can be
used for lossless shape coding. However, most existing chain-based shape-coding methods have not exploited the spatio-
temporal redundancy contained within shape image sequences. Similar to the existence of strong spatio-temporal redundancy
within and among video textures, a strong redundancy also exists within and between object contours. This redundancy can
be exploited to improve coding efficiency. Hence, in this paper, a novel chain-based lossless shape-coding scheme is pro-
posed by exploiting the spatio-temporal correlations among object contours to acquire high coding efficiency. Method First,
for a given shape image sequence, the contours of visual objects are extracted, thinned to perfect single-pixel width, and

transformed into chain-based representation frame by frame. Second, the activity of object contours in each frame is detec-
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ted and evaluated. The shape frames are classified into two coding categories on the basis of this activity: intra-coding
frames and inter-coding frames. If the contour activity in a frame is larger than a preset threshold, the activity will be enco-
ded as an inter-coding frame ; otherwise, it will be encoded as an intra-coding frame. For an intra-coding frame, the spatial
correlations within object contours are exploited on the basis of chain-based spatial prediction and compensation. For an in-
ter-coding frame, the temporal correlations among object contours are exploited on the basis of chain-based temporal predic-
tion and compensation. Finally, a new method is introduced to efficiently encode the prediction residuals and motion dis-
placements by analyzing the constraints among chain links. Result To evaluate the performance of the proposed scheme, ex-
periments are conducted and a partial comparison is performed against some well-known existing methods, including the
lossless coding scheme proposed by the Joint Bi-level Image Experts Group (JBIG) , the improved lossless coding scheme
proposed by JBIG (JBIG2), the Context-based Arithmetic Encoding with Intra-mode ( CAE Intra) of MPEG4, the Con-
text-based Arithmetic Encoding with Inter-mode ( CAE Inter) of MPEG-4, the Digital Straight Line Segments-based Coding
with Intra-mode ( DSLSC Intra) and the Digital Straight Line Segments-based Coding with Inter-mode ( DSLSC Inter) , are
also presented. , The experimental results show that the average code length of our scheme is only 28. 4% of JBIG, 32. 3%
of JBIG2, 39.9% of CAE Intra, 78. 1% of CAE Inter, 48. 4% of DSLSC Intra, and 94. 0% of DSLSC Inter. Conclusion
As a whole, the proposed scheme outperforms all existing techniques and is considerably more efficient than other methods.
As far as we know, the DSLSC Inter is the most efficient lossless shape-coding approach. However, compared with the
DSLSC Inter, the proposed scheme has an average code length that can be reduced by 6% . The proposed scheme has wide
prospects in many object-based images and video applications, such as object-based coding, object-based editing, and ob-
ject-based retrieval.

Key words: visual objects; shape coding; predictive coding; high efficient coding
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Fig. 4 Coding results of news and weather sequences under
different prediction units with different lengths and under

different search scopes ((a) news; (b) weather)
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Table 2 Coding results under different prediction units
with different lengths and under different
search scopes
/ (bit/1it)
T T KR

751 R

6 8 10 12 14 16

[ -7,8] 646 503 476 433 447 436 448
news

[ -15,16] 621 473 444 408 418 413 420

[ -7,8] 327 307 296 297 299 312 310
weather

[ -15,16] 320 298 283 279 281 287 295
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Table 3 Comparison results against the existing methods
where the length of prediction unit is set to 10 and the
search scope is set to [ —15, 16]
/ (bit/i)

CAE " CAE DSLSC DSLSC 7

1 Bl BIG2
J¥ALIBIG - IBIG Intra = Inter Intra Inter %5k

news 1672 1528 1568 592 1056 424 408

weather 864 736 520 320 480 304 279
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Table 4 The relative compression ratio y comparing with
the existing methods where the length of prediction unit is

set to 10 and the search scope is set to [ —15, 16]

/%
CAE CAE DSLSC DSLSC
3 JBIG  JBIG2
Intra Inter Intra Inter
news 24.4 26.7 26.0 68.9 38.6 96. 2

weather  32.3  37.9 53.7  87.2 58.1 91.8
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