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CONTENT-BASED ·VIDEO COMPRESSION 

BACK.GROUND OF THE INVENTION 
The invention relates to electronic video methods and devices, and, more 

particularly, to digital communi~~n and storage ayst.ems with compressed 
video. · 

5 Video communication (television, t.eleconCerencing, and so forth) typically 
transmits a stream of video frames (images) along with audio over a 
transmission. channel for real time viewing and listening by a receiver. 
However, transmission channels frequently add corrupting noise and have 

. limited bandwidth (e.g., television channels limit.ad t.o 6 MHz). Consequently, 
1 O digital video transmission with compression enjoys widespread use. In . ' particular, various standards ror compression or digit.al video have emerged .and 

include H.261, · MPEG-1, and MPEG-2, with more to follow, including in 
development H.263 ·and MPEG-4. There are similar audio compression 
methods such as CELP and MELP. 

15 Tekalp, Digital Video Processing <Prentice Hall 1995), Clarke, Digital 
Compression of Still Images and Video <Academic Press 1995), and Schafer et 
al, Digital Video Coding Standards and Their Role in Video Communications, 
83 Proc. IEEE 907 (1995), include summaries of various compression methods, 
including descriptions of the H.261, MPEG·l, and MPEG-2 standards plus the 

20 H.263 recommendatio~ and indications oC the desired i\mctionalities of MPEG-
4. These references and all other references cited are hereby incorporated by 
reference. 

H.261 compression uses interframe prediction· to reduce temporal 
redundancy and discrete cosine transform (DOT) on a block level together with 

25 high spatial &equency cut.oft" to reduce spattal redundancy. H.261 is 
recommended for use with tn1nsnrission rates in multiples of 64 Kbps (kilobits 
per second) to 2 Mbps (megabits per second). 

' 

,_ 
..... ·-.. 

ri n ~"..>.~~ r~ £'} "\~ .. ~] ;f'} 
t·· :'f!,1' . ..,;. ~- ~-. . f, ' f" :' tJ ·.·e' 
~~;..( .. J ~.ff 

.... 
" ,JI, 



<t:; :_~:~: «;· 

~ -

2 

The H.263 recommendation is analogous to H.281 but for bitrates of 

about 22 Kbps (twiatecl pair telephone wire compatible) and "with motion 
estimation at half-pisel accuracy (which eHminates the need £or loop filtering 
available in H.261) and overlapped motion compensation to obtain a denser 

5 motion field (set of motion vectors) at the expense of more c:ompu1;ation and 
adaptive switching between motion compensation with 16 by 16 macroblock and 
8 by 8 blocks. 

MPEa-1 ·and MPEa:.2 also use temporal prediction followed by tw~ 
dimensional DCT transformation on a block level as B261, but they make 

t 0 further use of various MJDhinations of motion-c:ompensat.ed prediction, 
interpolation, and intra6:ame coding. l\.fPEG-1 aims at video CDs and works 
well at rates about 1-LS Mbps for frames ol about 860 pizels by 240. lines. and 

24-30 tram.ea per second. ~1 defines I, P, and B frames with I fi:'amea 
intraframe, P frames eoded using motion-compensation prediction from previous 

15 I or P frames, and B · frames using motion-compensat.ed bi-directkmal 
predictton/int.erpolation from mijacent I and P frames. 

MPEG-2 aims at digit.al television (720 pise1s by 480 lines) and uses 

bitrat.ea up to about 10 Ml:Jps with MPEG-1 type motion compenaa1ion with I, 
P, and B frames plus adds acalability (a lower bitrata may be extracted t.o 

20 transmit a lower resolution image). 
However,- the foregoing MPEG compression methods result in a number 

of unacceptable artifacts such as blockinesa and unnatural object motion when 
operated at very-low-bit-rates. Because ·these tecbniques use only the 
statistical dependencies in the signal at a block level and do not consider the 

25 semanfic content of the video stream, artifact.a are introduced at the block 
boundaries under very-low-bit-rates (high qt1antiMtion lactora). Usually these 

block boundaries do not correspond t.o physical boundaries ot the moving object.a 

and hence visually annoying artifacts result. Unnatural motion arises when 
the limited· bandwidth forces the frame rate to fall below that required for 

30 smooth motion. 
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MPEG-4 is to apply to transmission bitrates 0£ 10 Kbps to 1 Mbps and 
is to use a content-based coding approach with functionalities such as 
scalability, content-based .manipulations, robustness in error prone 
environments, multimedia data access tools, improved coding efficiency, ability 

5 to encode both graphics and video, and improved random access. A video 
coding scheme is considered content scalable if the number and/or quality of 
simultaneous objects coded can be varied. Object scalability refers to 

cori.trolling the ~umber of simultaneous objects conded and quality scalability 
refers t.o controlling the spatial and/or temporal resolutions of the coded objects. 

1 O Scalability ia an important feature for video coding methods operating across . . 
tranmnission channels of limited bandwidth and also channels where the 
bandwidth is dynamic. For eu.mple, a content-scalable video coder has the 

~ 

ability to optimize the performance in the face ollimit.ed bandwidth by encoding 
and transmitting only the important objects in the scene at a high quality. It 

15 can then choose t.o either drop the remaining objects or code them at a much 
·" lower quality. When the bandwidth of the cllannel increases, the coder can 

then transmit additional bits to improve the quality of the poorly coded objects 
or restore the missing objects. 

Musmann et al, _Object-Oriented Analysis-Synthesis Coding of Moving 
20 Images, 1 Sig. Proc.: Image Comm. 117 (1989), illustrates hierarchical moving 

object detection using source models. Tekalp, chapters 28-24 also discusses 
object-based coding. 

Medioni et al, Cm:ner Detection and Curvature Representation Using 
Cubic B-Splines, 39 Comp.Vis.Grph.Image Processing, 267 (1987), shows 

25 encoding 0£ curves with B-Splines. Similarly, Foley et al, Computer Graphics 
(Addison-Wesley 2dEd.), pages 491""'95 and 504-507, discusses cubic B-splines 
and Catmull-&m splines (which are coustmined to pass through the control 
points). 

In order to achieve etlicient transmission of video, a system m'1st utilize 
30 compression schemes that are bandwidth efficient. The compressed \'ideo data 
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is then transmitted over communication channels which are prone to errors. 
For video coding schemes which exploit t.emporal correlation in the video data, 
channel erron result in the decoder losing synchronization with the encoder. 
Unless suitably dealt with, t.his can result in noticeable degradation of the 

5 picture quality. To maintain satisfactory video quality or quality of service, it 
is de$irable to use schemes to protect the dat.a £rom these channel errors. 
However, error prot.ection schemes come with the price of an increased bitrate. 
Moreover, it is_ not possible to corr~ct all possible errors using a given error­
control code. Hence, it becomes necessary to res~ to some other techniques 

10 in addition to error control to etre~vely remove annoying and visually 
disturbing artifacts introduced by these channel induced errors. 

In fact, a typical channel, such as a wireless channel, over which 
. ' . 

compressed video is transmitted is characterized by high random bit error rates 
(BER) and multiple burst mrors. The random bit errors occur with a 

15 probability of around 0.001 and the burst erroJ;"S have a duration that usually 
lasts up to 24 milliseconds (msec). 

Error correcting codes such as the Reed.Solomon (RS) codes correct 
ran~om errors up to a designed number per block of code symbols. Problems 
arise when codes are used over channels prone to ·burst errors because the 

20 errors tend to ·be cluitered in a small number of received symbols. The 
commercial digital music compact disc (CD) uses interleaved codewords so that 
channel bursts may be spread out over multiple codewords upon "decoding. In 
particular, the CD error control encoder uses two shortened RS codes with 8-b~t 
symbols from the code alphabet GF(256). Thus 16-bit sound samples each take 

25 two information symbols. First, the samples are encoded twelve at a time (thus 
24 symbols) ·by a (28,24) BS ~ode, then the 28-aymbol codewords pass a 
28-branch interleaver with delay increments of 28? symbols b~een branches. 
Thus 28 successive 28-symbol codewords are interleaved symbol by symbol. 
After the interleaving, the 28-symbol blocks are encoded with a (32,28) RS 

30 coder to output 32-symbol codewords for transmission. The decoder is· a mirror 
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image: a (32,28) RS decoder~ 28-branch deinterleaver with delay increment 4 
symbols, and a (28,24) RS decoder. The (32,28) BS decoder can correct 1 error 
in an input 32-symbol codeword and can output 28 erased symbols for two or 
more errors in the 32-symbol input codeword. The deinterleaver then spreads 

· 5 these erased symbols over 28 codewords. The (28,24) RS decoder is set to 
detect up to and including 4 symbol errors which are then replaced with erased 
symbols in the 24-symbol output words; for 5 ·or more errors, all 24 symbols are 
erased. This corresponds t.o erased music samples. The decoder may 

. interpolate the erased music samples with adjacent samples. _ Generally, see 
10 Wick.es, Error Control Systems for Digital Communication and Storage 

(Prentice Hall 1995). 

There are sever~ hardware and software implementations of~ H.261, 
MPEG-1, and MPEG-2 compression and decompression. The hardware can be 
single or multicbip integrated circuit implementations (see Tekalp 

15 pages 455-456) or general purpose processors such as the Ultrasparc or 
TMS320C80 mnning appropriate software. Public domain software is available 
from the Portable Video Research Group at Stanford University. 

SUMMARY OF THE INVENTION 
The present inyention provides conteni-based video compression with 

20 difference ·region encodinl instead of strictly moVing object encoding, blockwise 
contour encoding, motion compensation failure encoding connected to the . . 

blockwise contour tiling, subband including wavelet encoding restricted t.o 
subregions of a frame, scalability by uncover.3d background associated with 
objects, and error robustness through embedded synchronization in each moving 

25 object's code plus coder feedback t.o a deinterleaver. It also provides video · 
systems with applications for this compression, such as video telephony and 
fixed camera surveillance Cor security, including time-lapse surveillance, with 
digital storage in random access memories. 
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Advantages include efficient low bitrate video encoding with object 

scalability and error robustness with very-low-bit-rate video compression which 

allows ·convenient transmission and st.orage. This permits low bitrate 

teleconferencing and also surveillance information storage by random access 

5 hard disk drive rather than serial access magnetic tape. And the segmentation 

of moving objects permits concentration on any one or more of the moving 

objects <MPEG-4). 
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BRIEF DESCRIPrION OF THE DRAWINGS 

The drawings are schematic for clarity. 
· Figure 1 shows a preferred embodiment telephony system. 

Figure 2 illustrates a preferred embodiment surveillance system. 

5 Figure 3 ia a t1ow diagram for a preferred embodiment video 

compression. 
Figures 4a-cl show motion segmentation. 

Figures 5a-g illustra~ boundary cont.our encoding. 
Figure 6 shows motion compensation. 

1 O Figure 7 illustrates motion failure regions. 

Figure 8 shows the control grid on the motion failure regions. 

Figure 9a-b show a single wavelet 6ltering stage. 

Figures lOa-c illustrates wavelet. decomposition. 

Figure 11 illustrates a zerotree for wavelet coetD.cient quantization. 

15 Figure 12 is a wavelet compressor .block diagram. 

Figures 13a-v show scalability steps. 

Figures 14a-b are a scene with and without a particular object. 

Figures 15a-b show an error correcting cQder. and decoder. 

Figures 16a-b illustrate decoder feedback. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Overview of Compression and Decommssion 

Figure I illustrates in block diagram a preferred embomment video· 

telephony (teleconferencing) system which transmits hoth·speech and an image 

5 or the speaker using preferred embodiment compression, encoding, decoding, 
and decompression including error correction with the encoding and decoding. 

Of course, Figure 1 shows only traDsmiasion in one direction and to only one 

receiver; in practice a second camera and 1;1econd receiver would be used for 

transmission in the opposite direction and a third or more receivers and 

10 transmitters could be connected into the system. The video and speech are 
separately compressed and the allocation of transmission ch~el bandwidth 

between video and speech may be dynamically adjusted depending .upon the 

situation. The "costs of telephone network bandwidth demand a low-bit-rate 

transmission. Indeed, very-low-bit-rate vid.,o compression &n.ds use in 

15 multimedia applications where visual quality may be compromised. 

Figure 2 show& a &rat pret"erred embodiment surveillance system, 
generally denoted by reference numeral 200, as compri~ one or more med 

video cameras 202 focussed on stationary background 204 (with occasional 

moving objects 206 passing in the field or view) plus video compressor 208 

20 t.Qgether with remote storage 210 plus decoder and display 220. 

Compressor 20_8 provides compression of the stream or video images of the 

. scene (for example, 30 frames a second with each frame 176 by 144 8-bit 
monochrome pixels) so that the data transmrission rate from compressor 208 to 

st.orage 210 may be very low, for eumple 22 Kbits per second, while retaining 

25 high quality images. System. 200 relies on the stationary background and only • 
encodes moving objects (which appear as regions in th!I frames which move 

relative to tlie background) with predictive motion t.o achieve the low data rate. 

This low data rate enables simple transmission channels from· cam.eras to 

monitors and random access memory storap such as magnetic hard disk drives 
30 availab~e for personal computers. Indeed, a single telephone line with a modem 
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may transniit the compressed video image stream to a remote monitor. 

Further, storage or the video image stream for a time interval, such as a day . . 
or week as required by the particular surveillance situation,· will require much 

less memory after such compression. 

5 Video camera 202 may be a CCD camera with an incamera analog-to-

digital convertor so that the output to compressor 208 is a sequence of digital 
frames as generally illustrated in Figure 2; alternatively, analog cameras with 

additional hardware may be used to generate the digital vide9 stream of 

frames. Compressor 208 may be hardwired or, more conveniently, a digital 

1 O signal processor cDSP) with the compression steps stored in onboard memory, 

RAM or ROM or both. For uample, a TMS320C50 or TMS320C80 type DSP 

~y suffice. Also, for a telecont"erencing system as shown in Figur~ 1, e~r 

correction with real time reception may be included and impiemented on 
general purpose processors. 

15 Figure 3 shows a high level flow diagram for the preferred embodiment 

video compression methods which· include the following steps for an input 

consisting of a sequence of frames, F 0, F 1' F 21 .... , with each frame 144 rows of 

176 pixels or 288 rows of 352 pixels and with a frame rate or 10 frames per 

second. Details of the steps appear in the following sections. 

20 Frames of these two sizes partition into arrays of 9 rows of 11 

macroblocks with each macroblock being 16 pixels by 16 pixels or 18 rows of 22 

macroblocks. The frames will be encoded as I pictures or P pictures; B pictures 
with their backward interpolation would ereate oyerly large time delays for very 

low bitrate transmission. An I picture occurs only once every 5 or 10 seconds, 
25 and the majority of frames are P pictures. For the 144 rows of 176 pixels size 

frames, roughly an I picture will be encoded with 20 Kbits and a P picture with 
2 Kbits, so the overall bitrate will be roughly 22 Kbps (only 10 frames per 

second or less). The !tames may be monochrome or color with the color given 
by an intensity frame CY signal) plus one qUarter resolution (subsampled) color 

30 combination frames (U and V signals). 
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(1) Initially, encode the zeroth frame F 0 as an I picture like in MPEG-1,2 
using a waveform coding technique based on the DCT or wavelet transform. 
For the DCT case, partition the frame int;o 8 by 8 blocks; compute the DCT or 
each block; cutoff' the high spatial frequencies; quantize and encode the 

5 remaining frequencies, and transmit. The encoding includes run length 
encoding, then Huffman encoding, and then en"Or correction encoding. For the 
wavelet case, compute the multi-level decomposition of the frame; quantize and 

encode the resulting wavelet coeScients, and transmit. Other frames will also 
be encoded as I pictures with the frequency dependent upon the transmission 

10 channel bitrate. And for FN to be an I picture, encode in the same Diamler. 
(2) For frame FN to be a P picture, det.ect moving objects in the frame by 

finding the regions of change from reconstructed 'N-l to FN. R:ecoJlBtructed 
FN·l is the approximation to FN·l which is actually transmitted as described 
below. Note that the.regioJ1:8 of change need not be partitioned U;ito moving 

15 objects plus uncovered background ~d will only approximately desc~e the 
moving objects. However, this approximation suftices and provides more 
efficient low coding. Of course, an alternative would be to also make this 
partition into moving objects plus uncovered background through mechanisms 
such as inverse motion vectors to determine if a region maps to outside of the 

20 change region in the previous frame and thus is uncovered background, edge 
detection to determine the object, or presumption or object characteristics 
(models) to distinguish the object from background. 

(3) For each connected component of the regions of change Crom step (2), 
code its boundary contour, including any interior holes. Thus the boundaries 

25 or moving obje~ are not exactly coded; rather, the boundaries of entire regions 
of change are coded and approximate the boundaries or the moving objects. The 
boundary coding may be either by splines approximating the boundary or by a 
binary mask indicating .blocks within the region of change. The spline provides 
more accurate representation of the boundary, but the binary mask uses a 

30 smaller number of bits. Note that the connec:ted components of the regions of 
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change may be d~termined by a raster sranning 0£ the binary image mask and 

sorting pixels in the mask int.a groups, w~ch may merge, according to the 

sorting of adjacent pixels. The final groups of pbtels are the connected 

component.a (connected regions). For example of a program, see Ballard et al, 

5 Computer V1Bion (Prentice Hall) at pages 149-152. For convenience in the 

following the connected components (connected regions) may be referred to as 

(moving) objects. 

(4) Remove temporal redundancies in the video sequence by motion 

estimation of the objects from the previous frame. In particular, match a 16 by 

1 O 16 block in an object in the current trame FN with the 16 by 16 block in the 

same location in the preceding reconstruct.ad frame FN.1 plus translations of 

this block up to ~5 pixels in all directions. The best match defines t1'.e motion 
. . 

vector for this block, and an approximation F' N t.o the current frame F N can be 
synthesized from the preceding frame Fx.1 by using the motion vectors with 

15 their corresponding blocks of the preceding frame. · 

(5) After the use of motion of objects t:o synthesize an approximation F'N, 

there may still be areas within the frame which contain a significant amount 

of residual information, such aa for fast changing areas. That is, the regions 

of dill'erence between F N and the synthesized· apprmdmation F' N have motion 

20 segmentation applied analogous to the stePs (2}(3) to define the motio~ failure 

regions which contain signiiicant information. 

(6) Encode the motion failure regions from step· (5) using a waveform 

co~ technique based on the OCT or wavelet transform. For the DCT case, 

tile the regions with 16 by 16 macroblocka, apply the DCT on 8 by 8 blocks of 

25 the macroblocks, quantize and encode (runlength and then Huffman coding). 

Fot' the wavelet case, set all pixel values outside the regions to zero, apply the 

multi-level decomposition, quantize and encode (zerotree and then arithmetic 

coding) only those wavelet coefficiencts corresponding to the selected regions. 

(7) Assemble the encoded information £or. I pictures (DCT or wavelet 

30 data) and P pictures (objects ordered with each object having contour, motion 
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vectors, and motion failure data). These can be codewords from a table of 
Huffman codes; this is not a dynamic table but rather generated 
experimentally. 

(8) Insert resynchronization words at the· beginning of each I picture 
5 data, each P picture, each contour data, each motion vector data, and each 

motion failure data. These resynchronization words are unique in that they do 
not appear in the Huffman codeword table and thus can be unambiguously 
determii:ied. 

(9) Encode the resulting bitstream from st.ep (8) with Reed-Solomon codes 
10 together with interleaving. Then transmit or store. 

(10) Decode a received encoded bit.stream by Reed-Solomon plus 
deinterleaving. The resynchronization words help after decoding f~ure and 
also provide access points Cor random access. Further, the decoding may be 
with shortened Reed -Solomon decoders on either side or the deinterleaver plus 

15 feedback Crom the second decoder to the first decoder (a stored copy or the 
decoder input) for enhanced or error correction. 

20 

(11) ·Additional functionalities such as object sc8Iability (selective 
encoc:ling/decocting of objects in the sequence) and quality scalability (selective 
enhancement of the quality· of the objects) which result in a scalable bitstream. 
are also supported. 

.. 

Maying Obiect Det.ection and segmentation 

The first preferred embodiment method detects and segments moving 
objects by use of regions of dilierence between successive video frames but does 
not attempt to segregate such regions int.o moving object.a plus uncovered 

25 background. This simplifies the information but appears to provide sufficient 
quality. In particular, for frame FN at each pml tind the absolute value of the 
ditrerence in the intensity CY signal) between FN and reconstructed FN-l" For 
8-bit intensities (256 levels labelled O to 255), the ~era calibration variability 
would suggest taking the intensity range of 0 to 15 to be dark and the 

30 ·range 240-255 to be saturated brightness. The absolute value of the intensity 



----------------------=====-~-----·------·---------· . 

13 

diflerence at a pixel will lie in the range from 0 to 255, so eliminate min;mal 

differences and form a binary image of diff'erences by thresholding (set any 

pixel absolute difi'erence or less than or equal to 5 or 10 (depending upon the 

scene ambient illumination) t.o 0 and any pixel absolut.e difl'erence greater than 

5 30 to 1). This yields .a binary image which may appear speckled: Figures 4a-b 

illustrat.e two successive frauies and Figure 4c the binary image of thresholded 

absolute difference with black pixels indicating ls and indicating significant 

differences and. the white backi:round pixels indicating 08. 
Then eliminate small isolated areas in the binary image, such as would 

10 - result from noise, by median filtering (replace a 1 at a pixel with a 0 if the 4 

(8?) nearest neighbor pixels are all Os). · -

Nm, apply the morphological close operation (dilate operatiOJ?. followed 

by erode operation) ~ fill·in between close by _la; that is, replace the speckled 

areas of Figure 4c with solid areas. Use dilate and erode operations with a 

15 circular kernel of radius K pjxels (K may be 11 for QCIF frames and 13 for CIF 

frames); in particular, the dilate operation replaces a 0 pixel with a 1 if any 

other pixel within K· pixels of the original O pixel is a 1 pixel, and the erode 

operation replaces a 1 pixel with a 0 unless all pixels within K pixels of the 

original 1 pixel are all also 1 pixels. After the close operation, apply the open 

20 operation (erode operation followed by dilate operation) to remove small 

isolated areas of ls. This yields a set of connected components (regions) of 1 

pixels with fairly smooth boundaries as illustrated in Figure 4d. Not.a that ~ 

connected component may have one or more interior holes which also provi4e 

boundary contours. 

25 Then raster scan the binary image to detect ~d label connected regions 

and their boundary contours Ca pixel which is a 1 and haa at least one nearest 

neighbor pixel which is a 0 is deemed a boundary contour pixel). A procedure 
such as ccomp (see Ballard reference or the Appendix) can accomplish this. 

Each of these regions presumptively indicates one or more moving objects plus 

30 background uncovered by the motion. Small regions can be disregarded by 
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using a threshold such as a minimum difference between extreme boundary 

pixel coordinates. Such small regions may grow in succeeding frames and· 

eventually arise in the motion failure regions or a later frame. Of course, a 

connected region cannot be smaller than the K-pjzel-radius dilate/erode kemel, 

.S · otherwise it would not have survived the open operation. 

Cont.our Representation 

The preferred embodiments have an oPtiOD of boundary contour encoding 

by either spline approximation or blocki straddling the contour, this p~ts 

a choice of either high resolution or low resolution and thus provides a 

10 scalability. The boundary contour encoding with the block representation takes 

fewer bits but is less accurate than the spline representation. Thus a tradeoff 

exits which may be selected according to the application. 

Ci) Block bo~ contour representation. 

For each of the connected regions in the binary image derived from FN 

15 in the preceding section, find the bounding rectangle for the region by finding 

the smallest and largest boundary pixel z: coo~tes and y coordinates: the 

smallest x coordinate <xo> and the smallest y coordinate (yo) define the lower 

leftluind rectangle comer (XQ,Yo) and the largest coordinates define· the upper 

rightband ~mer Cxi.Yi.>i see Figure 5a showing a connected region and Figure 

20 5b the region plus the bounding rectangle. 

Next, tile the rectangle with 16 by 16 macroblocks starting at CxQ3o) and 

with the macro blocks extending past the upper and/or righthand edges if the 

rectangles sides are not multiples or 16 paels; see Figure 5c Ulustrating a 

tiling. If the tiling would extend outside of the frame, then translat.e the corner 

25 (Xo,Yo> to just keep the tiling within the frame. 
Form a bit map with a 1 representing the tiling macroblocks that have 

at least 50 of their 256 piz:els (i.e., at least about 209&) oli the boundary or 

inside the region and a 0 for macroblocka that do not. This provides the block 
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description or the boundary cont.our: the starting corner <s0.y0) and the bit map. 

See Figure 5d showing the bit map. 

The comer plus bit map information will be transmitted if the region is 

small; that is, ft at most 3 or 4 macroblocks tile the bounding rectangle. In case 

the region is larger, a more effident coding proceeds as follows. First, compare 

the bit map with the bit maps 0£ the previous frame, typically the previou8 

frame has ooly 8 or 4 bit maps. Ila bit map match is found, then compare the 

associated comer, Cx'0,y'0), o£the previous frame's bit map with Cx0,yo). Then 

ir<x'orY'ol equals Cxc,,y0), a bit indicating the comer and bit map mat.cbing those 

of the previous frame can be tnmemitted instead 0£ the fall bit map and comer. 

Figure 5e suggests this single bit contour tran~ssion. 

SimUarly, it a bit map match is found with a bit map or the ,Previous 

frame but the associated comer~ 0-;t ~does not equal Czo,Y0>, then transmit a 

translation vector [(x' 0,y o)-CxorYo)l instead otthe full bit map and comer. This 

transla1ion vector typically will be fairly small because objects do not move too 

much ~to-frame. See Figure 5 t. 
Further, if a bit map match is not round, but the bit map mtrerence is not 

large, such as only 4 or 5 macroblock clilimmces, both added and removed, _then 

transmit the locations o£ the changed macroblocks plus any translation vector 

of the associated rectangle comen, ~ QtY' v<zo,y~. Bee Figure 6. g. 

Lastly, for a large dilfenilce in macroblocks, just transmit the corner 

CxQ,y0) plus nm length en.Code· the bit map along rows or macroblocks in ~e 

bounding rectangle as illustrated in Figure 6.h- !or transmission. Note that 

large-enough holes within the region plus projections can give rise to multiple 

runs in a row. 
{ii) Spline ~contour representation: 
For each connected region derived. in the preceding section find comer 

points or the boundary contour(s), including or any interior holes, or the region. 

Note that a region or size roughly 50 pixels in diameter will have very roughly 

200-300 pixels in its boundary contour' so wie about 20% or the pixels in a 
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contour representation. A Catmull Rom spline (see the Foley reference or the 

Appendix) fit to the corner points approximates the boundary. 

Motjon Estimation 

For each connected region and bit map derived from FN m the preceding 

5 section, estimate the motion vector(s) of the region as follows. First, for each 

16 by 16 macroblock in FN which correspon~ to a macroblock indicated by the 

bit map to be within the region, compare this macroblock with macroblocks in 

the previous reconstructed frame, FN-l• which are translates 0£ up to 15 pixels 

(the search area) of this macroblock in FN. The comparison is the sum of the 

10 absolute differences in the pixel intensities of the selected macroblock in FN 

and the compared macroblock in FN-l with the sum over the 256 pixels of the 

macroblock. The search is performed at a sub-pixel resolution (half pixel with 

interpolation for comparison) to get a good match and extends 15 pixels in all 

directions. The motion vector corre&ponding to the translation or the selected 
15 macroblock of FN to the FN-l macroblock(s) with minimum sum differences can 

then be taken as an estimate of the motion of the selected macroblock. Note 

that use of the same macroblock locations as in the bit map eHminat.es the need 
to transmit an additional starting location. See Figure 6 indicating a motion 

vector. 

20 If the m;nimum sum difierences defining the motion vector is above a 

threshold, then none 0£ the macroblocks searched in FN-l sufliciently matches 

the selected macroblock: in ·FN and so do not use the motion vector . 

representation. Rather, simply encode the selected macroblock as an I block 

(intraframe encoded in its entirety) and not as a P block (predicted as a 

25 translation or a block of the previous frame). 

Nm, for each macroblock having a motion vector, subdivide the 

macroblock into four 8 by 8 blocks in FN and repeat the comparisons with 

translates of 8 by 8 blocks of FN·l to find a motion vector for eaCh 8 by 8 block. 

l£ the total number of code bits needed ror the four motion vectors of the 8 by 
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8 blocks is less than the number of code bits for the motion vector of 16 by 16 

macroblock and if the weight.ed error with the use of four motion vectors 

compared to the single macroblock motion vector, then use the 8 by 8 block 
motion vectors.· 

5 Average the motion vectors over all macroblocks in F N which are within 
the region to find an average motion vect.or for the entire region. Then if none 

0£ the macroblock motion vectors differs from the average motion vector by 

more than a threshold, only the average motion need be transmitted. Also, the 

average motion vector can be used in error recovery as not.eel in the following 

10 Error Concealment section. 

Thus for each connected region found in F N by. the foregoing 

segmentation section, transmit the motion vector(s) plus bit map. 'fypically, 

teleconferencing with 176 by 144 pixel frames will require 100-150 bits to · 

encode the shapes of the expected 2 to 4 connected regions plus 200-300 bits for 

1 S the motion vectors. 

Also, the optioJ:?.81 8 by 8 or 16 by 16 motion vectors and overlapped 

motion compensation techniques may be used. 

Motion Failure Region Det.ection 

An approximation to FN can be synthesized from reconstructed FN-l by 

20 use of the motion veCtors plus corresponding (macro) blocks from FN.1 as found 

in the preceding section: for a pixel in the portion 0£ F N lying outside of' the 

difference regions found in the Segmentation section, just use the value or the 

corresponding pixel in FN-l• and Cor a pixel in a connected region, use the value 

0£ the corresponding pixel in the macroblock in FN·l which the motion vector 

25 translates to the macroblock in FN cont.aining the pixel. The pixels in FN with 

intensities which diff'er by more than a threshold from the intensity of the 

corresponding pixel in the approximation synthesized by use of' the motion 

vectors plus corresponding (macro)blocks from FN·l represent a motion 

compensation failure region. To handle this motion failure region, the intensity 
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ditrerences are thresholded, next median filtered, and subjected to the 

morphological close and open operations in the same manner as the dift"erences 

from F N·l ta F N described in the foregoing object detection and segmentation 

section. Note that the motion Cailure regions will lie inside or moving object 

5 regions; see Figure 7 as an illustration. 

If a spline boundary contour was used, then only consider the portion of 

a macroblock inside the boundary contour. · 

Residual Simal Enc;oding 

Encode the motion failure regions as follo~: tile these motion Cailure 

10 regions with the 16 by 16 macroblocks of the bit map of the foregoing boundary 

contour section, this eliminates the need to transmit a starting pixel for the 

tiling because it is the same as for the bit map. This. also means that the tiling 

moves with the object and thus may lessen the changes. 

For the moti:on failure regions, in each macroblock simply apply DCT 

15 with quantization of coeflicim:it.a and nmlength encoding and then Hnffinan 

encoding. See Figure 8 showmg the macroblocks within the grid. 

A preferred embodiment motion failure region encoding uses wavelets 

instead of DCT or DPCM. In particular, a preferred embodiment uses a 

wavelet. transform on the macroblocks of the motion failure re~on as filustrated 

20 in Figure 8. Recall that a -wavelet tra!i.sform. is traditioully a full frame 

transform based on translations and dilations or a mother wavelet, '!'(), and a 

mother scaling function, fbO; both '1'0 and ~() .are essentially nonzero for only 

a few adjacent pixels, depending upon the particular mother wavelet. Then 

basis functions for a wavelet transform in one dimension are the 'f n,m<t> = 2· 

25 ml2 '1'(2-Int • n) for integers n and m. 'l'O and ~O are chosen to make the 

translations and dilations orthogonal analogous to the orthogonality of the 

sin(kt) and cos(kt) so a transform can be easily computed by integration 

(summation for the discrete case). The two dimensional transfomi simply uses 

basis functions as the products of 'l' n.m<>s in each dimension. Note that the 



19 

index n denotes translations and the index m denotes dilations. Compression 
arises from quantization of the transformation coef!icienta analogous to 
compression with DCT. See for example, Antonini et al, Image Coding Using 
Wavelet TransCorm, 1 IEEE Tran. Image Proc. 205 (1992) and Mallat, A Theory 

5 for Multiresolution Signal Decomposition: The Wavelet Representation, 11 
IEEE Tran. Patt; Anal. Mach. Intel. 674 (1989) for discussion of wavelet 
transformations. For discrete variables the ·wavelet transformation may also 
be viewed as aubband filtering: the filter outputs are the reconstructions from 
sets of transform coefficients. Wavelet transformations proceed by successive 

10 stages of decomposition or an image through filterillgs into four subbands: 
lowpass horizont.ally with lowpass vertically, bighpass horizontally with 
lowpass vertically, lowpass horizontally with highpass vertically; and .highp~s 
both horizontally and vertically. In the 6rst stage the highpass filtering is 
convolution with the translates 'l' n,l and the lowiiass is convolution with the 

15 scaling function translates ~n.l• At th• second stage the output of the first 
stage subband·oflowpass in both horizontal and vertical is again filtered into 
four .subbands but with highpasa filtering now convolution with 'l' n,2 which in 
a sense has half the frequenc)r of· 'P n,1; simUarly, the lowpass filtering is 
convolution with «in,2• Figures 9a-b illustrate ·the £our subband :tilterings with 

20 recognition that each filtered image can be subsampled by a factor of 2 in each 
direction, so the four output images have the same number or pixels as the 
original input image. The preferred embodiments may use biorthogonal 
wavelets which provides filters with linear phase. The biorthogonal wavelets 
are similar to the orthogonal wavelets described above but use two related 

25 mother wavelets and mother scaling functions (for the decomposition and 
reconstruction stages). See for example; Villasenor et al, Filter Evaluation and 
Selection in Wavelet Image Compression, IEEE Proceedings of Data 
Compression Conference, Snowbird, Utah (1994) which provides several 
examples 0£ good biorthogonal wavelets. The preferred embodiment may use 

30 the (6,2) tap tilter pair from the Villasenor paper which has low pass filter 
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coefficients of: ho = 0.707107 h1 = 0.707107 and g0 = -0.088388 g1 = 
0.088388 g2 = 0.707107 g3 = 0.707107 g4 = 0.088388 g6 = -0.088388 for the 
analysis and synthesis filters. 

Preferred embodiment wavelet transforms generally selectively code 
5 information in only regions of interest in an image by coding only the regions 

in the subbands at each •tage which correspond to the original regions or 
interest in the original image. See Figures 10a-c. heuristically illustrating how 
regions appear in the subband filt.ered outputs. This approach avoids spending 
bits out.side of the regions of interest and improves video quality. The specific 

10 use for motion failure regions is a special case of only encoding regions of 
interest. Note that the thesii ofH. J. Barnard ("Image 8Jld Video Coding Using 
a Wavelet Decomposition", Teclmische Universiteit Delft, 1994) se~ents an 
image into relatively ·homogeneous regions and then uses difrei-ent wavelet 
transforms to code each region and only considered single images, not video 

15 sequences. Barnard's method also requires the wavelet transformation be 
modified for each region shap~; this adds complexity to the filtering stage and 
the coding stage. The preferred embodiments use a single filtering transform. 
Further, the preferred embodiment applies to regions or interest, not just 
homogeneous regions as in Barnard and which fill up the entire frame. 

20 . The preferred embodimentS represents regions or interest with an image 
map. The map represents which pixels in a given image lie within the regiom: 
of interest. The simplest form is a binary map representing to be coded or not 
to be coded. If more than two values are used in the map, then varying 
priorities can be given to dift"arent regions. This map must also be transmitted 

25 .to the decoder as side inf'ormation. For efficiency, the map information can be 
combined with other side information such as moiion compensation. 

The map is used during quantization. Since the wavelets decompose the 
image into subbands, the first step is to transfer the map to the subband 
structure (that is, determine which locations in the subband output images 

30 correspond to the original map). This produces a set of subregions in the 
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subbands to be coded. Figures lOa.c show the subregions: Figure lOa shows 

the original image map with the regions of interest shown, and Figure lOb 

shows the four subband outputs with the corresponding regions or interest to 

be coded after one stage of decomposition. Figure lOc shows the subband 

5 structure after two stages and with the regions of int.erest. 

The preferred embodiment first sets the pixels outside of the regions of 

interest to 0 and then applies the wavelet decomposition (subband filtering. 

stages). After decomposition and _during the quanumtion of the wavelet 

trans£omi coeBicients, the encoder only sends information about values that lie 

1 0 within the subregions ot int.erest to be coded. The quantization of coefficients 

provides compression analogous to DCT transform coetlicient quantization. 

Experiments show that the video quality increases with compression psing the 

regions of interest approach as compared- to not using it. 

There is some slight sac:ri1ice made in representing the values near the 

15 edges of the selected regions of interest because the wavelet filtering·pracess 

will smear the information somewhat and any information that smears outside 

the region of interest bouncJarY is lost. This means that there is no guarantee 

or perfect reconstruction for values iniide the region of interest even if the 
values in the regions 0£ interest were perfectly coded. In practice, this does not 

20 seem to be a severe hardship because the level 0£ quantization required for 

typical compression applications means that the images are £ar from any 

perfect reconstruction levels anyway and the small effect near the edges can be 

ignored for all practical purposes. 

The preferred embodiments may use the zerotree quantization method 

25 for the transform coefficients. See Shapiro, Embedded Image Coding Using 

Zerotrees of Wavelet coeflic:ients, 41 IEEE Trans. Sig. Proc. 3445 (1993) for 

details ·of the zerotree method applied to single images. The zerotree method 

implies that the only zerotrees that lie within the subregions of interest are 

coded. or course, other quantization methods could be. used instead of zerotree .. 

30 Figure 11 illustrates the zerotree relations. 

/ 

I 



--------------~====== ........ ============~···· ··-·-·-·--- ---·-·-- .··-·-----~-----··· 

22 

In applications the regions or interest can be selected in many ways, such 

as areas that contain large numbers of errors (such as quantizing video after 

motion compensation) or areas corresponding to perceptually important images 

features (such as faces) or objects for scalable compression. Having the ability 

5 t:o select regions is especially useful in motion compensated video coding where 

quantization of residual images typically contain information concentrated in 

areas of motion rather than uniformly spread over the frame. 

Regions of interest can be selected as macroblocks which have errors that 

exceed a threshold after motion compensation. This application essentially 

1 O combines region of interest map information with motion compensation 

information. Further, the regions of interest could be macroblocks covering 

obje~ and their motion failure regions as described in the fore~oing. 

Figure 12 illustrates a video compressor using the wavelet transform on 

regions of int.erest. 

15 An alternative preferred embodiment uses a .wavelet transform on the 

motion tailure_ region macroblocks and these may be aligned with the 
rectangular grid. 

(1) Initially, encode the zeroth frame F0 as an I picture. Compute the 

multi-level decomposition of the entire frame; quantize and encode the resulting 

20 wavelet coefficients, and transmit. The preferred embodiment uses the zerotree 

method of quantization and encoding. Any subsequent :ti'ame F N that is to be 

an I picture can be encoded bi the same manner. 
(2) For each frame encoded as a P picture (not an I picture), perform 

motion compensation on the input frame by. comparing the pixel values in the 
25 frame with pixel values in the previous. rec;onstructed frame. The resulting 

predicted frame is subtracted from the input frame to produce a residual image 

(different between predicted and actual pixel values). The motion compensation 

can be done using the segmentation approach described earlier or simply on a 

block by block basis (as in H.263). The resulting motion vector information is 

30 coded and transmitted. 

t/ 
I 
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(3) For each residual image computed in step (2), determine the region 
or regions of interest that require additional information to be sent. This can 
be done using the motion failure approach described earlier or simply on a 
macroblock basis by comparing the sum of the squared residual values in a 

5 mac:roblock to a threshold and including only those macroblocks above the 
threshold in the region or interest. This st.ep produces a region of int.erest map. 
This map is coded and transmitted. Because the map information is correlat.ed 
with the motion v~r information in step (2), an alternative preferred 
embodiment codes and transmits the motion vector and map information 

1 o together to reduce the number of bits required. 
(4) Using the residual image comput.ed in st.ep (2) and the region of 

interest map produced in step (3), values in the residual images that correspond 
to locations outside the region of interest map can be set t.o zero. This insures 
that values outside the region of interest will not affect values within the region 

15 of interest after wavelet decomposition. Step (4) is optional and may not be 
awropriate if the region based wavelet. approach is . applied to something 
besides motion compensated residuals. 

(5) The traditional multi-level wavelet decomposition is applied to the 
image computed in step (4). The number of filtering operations can be reduced 

20 Cat the cost of more complexity) by performing the filtering only within the 
regions of interest. However, because of the zeroing from step (4), the same 
results will be obtained by perCorming the filtering on the entire image which 
simplifies the filtering stage. 

(6) The decomposed image produced in st.ep (5) is next quantized and 
25 encoded. The region of interest map is used· to specify which corresponding 

wavelet coefficients in ~e decomposed subbands are to be considered. Figure 
10 shows how the region of interest map is used to indicate which subregions 
in the subbands are to be coded. Next, all coefficients within the subregions of 
interest are quantized and encoded. The pi-eCerred embodiment uses a 

30 modification of the zerotree approach· by Shapiro, which combines correlation 
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between subbands, scalar quantization and arithmetic coding. The zerotree 
approach is applied to those coefficients within the subregions of interest. 

• Other quantization and coding approaches could also be used if modified to only 
code coefficients within the subregions of int.erest. The output bits of the 

5 quantization and encoding step is then transmitt.ed. The resulting quantized 
decomposed image is used in st.ep (7) •. 

(7) The traditional multi-level wavelet. reconstruction is applied to the 
quantized decomposed image from step (6). The number of filtering. operations 
can be reduced (at the cost or more coin.plenty) by performing the filtering only 

10 within the regions of interest. However, because of the zeroing from step (4), 
the same results will be obt.ained by performing the filt.ering on the entire 
image which simplifi.es the filtering stage. , 

(8) As in step (4), the reconstructe<t"residual image computed in step (1) 

and the ·region ot interest· map produced in step (3) can be used to zero values 
15 in the reconstructed residual image that correspond to locations outside the 

i:egion of interest map. Thia insures that values outside the region of interest 
will not be modified when the reconstruct.ed residual is added to the predicted 
image. St.ep (8) is optional· and may not be appropriate if the region based 
wavelet approach ~s applied to something besides motion compensated 

20 residuals. 

(9) The resulting residual image from step (8) is added to the predicted 
frame from step (2) to produce the reco~ frame (this is what the 
decoder will decode). The reconstructed frame is stored in a frame memory to 
be used to for motion compensation for the next frame. 

25 More generally, subband filtering 0£ other types such as QMF and 
Johnston could be used in place of the wavelet filtering provided that the region 
of interest based approach is maintained. 
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Sca1abilitv 
The object oriented approach of the preferred embodiments permits 

scalability. Scable compression refers to the construction of a compressed video 

bit stream that can have a subset 0£ the encoded information removed~ for 

5 example all 0£ the objects representing a particular person, and the remaining 

bitstream will still decode correctl;r, that is, without the removed person, as if 

the person were never in the video scenes. The removal must occur without 

decoding or recoding any objects. N~t.e that the objects may be of different 

types, such as "enhancement" objects, whose loss would not remove the object 

l O from the scene, but rather just l~er the quality or its visual appearance or 

omit. audio or other data linked to the object. 

The preferred embodllnent scalable object-based video coding proceeds as 

follows: 

Presume an input video sequence of frames t.ogether with a segmentation 

15 mask for each frame, the mask ~at.es which pizels belong to which objects. 

Such a mask ~ be developed by dilrerence regions together with ·inverse 

motion vectors for determining uncov&red background plus tracking through 

frames of the connected regions, including ~rgers and separations, of the 
mask for object identification. See the· background references. The frames are 

20 coded as I fram~s and P fram~s with the initial Crame being an I frame and 

other I frames may occur at regular or irregular int.ervals thereafter. The 

intervening frames are P frames and rely on prediction from the closest 
preceding I frame. For an I frame define the "I objects•• as the objects the 
segmentation mask identifies; the I-objects are not just in the I frames but may . 

25 persist into the P frames. Fiiures 13a-b illustrates a first frame plus its 

segmentation mask. 

Encode an I frame by. first £or forming an inverse image of the 

segmentation mask. Then this image is blocked (covered with a mjnimal 

number of 16 by 16 macroblocks aligned on a grid), and the blocked image is 
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used as a mask to extract the background image from the frame. See Figures 
l3c-d illustrating the blocked image and the extracted background. 

Next, the blocked mask is efficiently encoded, such as by the differential 
cont.our encoding of the foregoing description. These mask bits are put into the 

5 output bitstream as part of object #0 (the background object). 
Then the extracted background is efficiently encoded, such as by DCT 

encoded 16 by 16 macroblocks as in the foregoing. These bits are put into the 
output bitstream as part of object #0. 

Further, for each object in the frame, the segmentation ma*·· for that 
10 object is blocked and encoded, and that object extracted· from the firsf~e via 

the blocked mask and.encoded, as was done for the background image. See 
Figures 13e-£ illustrating the blocked object mask and extracted obj~ct. ~e 
blocked mask and extracted object are encoded in the same manner as the 
background and the bits put into the output bitstream. 

1 S As each object is put int.a the bitstream. it i8 preceded by a header of med · 
length wherein the object number, object type (such as I-object) and object 
length (in bits) is recorded. 

After all or the objects have been coded, a reconstructed frame is made, 
combining decoded images of the background and each object intQ one frame. 

20 This reconstructed frame is the same frame that will be produced by the 
decoder if it decodes all of the objt-cts. Note that overlapping macroblocks (from 
dift"erent objects) will be the same, so the reconstruction will not be ambiguous. 
See Figures 13g-i illustrating the reconstructed background and obj_ects and 
frame. 

25 An average frame is calculated from the reconstructed frame. An 
average pixel value is calculated for each channel (e.g., l111ninance, blue, and 
red) in the reconstructed frame and those pixel values are replicated in their 
channels to create the average frame. The three average pixel values are 

· written to the output bitstream. This completes the I frame encoding. 
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Following the I frame, each subsequent frame or the video sequence is . 

encoded as a P frame until the next, if any, I frame. The "P" stands for 

"predict.ed" and refers to the fact that the P frame is predicted from the frame 

preceding it (I £ram.es are coded only with respect to themselves). Note that 
5 there is no requirement in the encoder that every frame of the input is encoded, 

every third frame of a 80 Hz sequence could be coded to produce a 10 Hz 
sequence. 

As with the I frame, for a P frame block the segmentation ma~ £or each 
object and extract the object. See Figures lSj-m showing .a P rrame, an object 

10 mask, the blocked object mask, and the extracted object, respectively. Do not 
use object #0 (the background) because it s~d not be changing and should 
not need prediction. 

Next, each of the extracted objects is difrerenced with its reconstructed 
version in the previous frame. The block mask is then adjusted to reflect any 

15 holes that might have opened up in the differenced image; that is, the 

reconstructed object may closely mat.ch. a portion of the object so the ditference 

may be below tbresho~4 in an area. within the segmentation mask, and this part 
need not be separately encoded. See Figures !3n-o showing the object 
dift'erence and the adjusted block mask, respectively Then the block mask is 

20 efficiently encoded and put into the output bitstream. 

To have a truly object-s~le bitstre:un the motion vectors 

corresponding to the blocks tiling each of the objects should only point to 
locations within the previous position of this object. Hence in forming this 
bitstream, for each 0£ the objects to be coded in the·.current image, the encoder 

25 forms a separate reconstructed image with only the reconstructed version of 
this object in the previ~ frame and all other objects and backgro~d removed. 
The motion vectors for the current object are estimated with respect to this 
image. Before performing the motion estimation, all the other areas of the 
reconstructed image where the object is not defined (non mask areas) are filled 

30 with an average backgi:ound value to get a good motion estimation at the block 
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boundaries. This average value can be different for each of the objects and can 

be transmitted in the bitstream. for use by the decoder. Figure 13p shows an 

image of a reconstructed object with the average value in the non mask areas. 

This is the image used for motion es~tion. The calculated motion vectors are 

5 ·then efliciently encoded and put in the bitstream. 

Then the dilI'erences between the motion compensated object and the 

current object are DCT (or wavelet) encoded on a ·macroblock basis. 1£ the 

dif'ferences do not meet a threshold,. then they are not coded, down;~ an 8 by 

8 pixel eranularity. Also, during motion estimation, some blocks; could be 

10 designated INTRA blocks (as in an I frame.and as opposed to INTER'blocks for 

P frames) if the motion estimation caleulated that it could not do a good job on 

that block. INTRA blocks do not have motion vbectors, and their DQT coding 

is only with respect to the current block, not a difference with a compensated 

object block. See Figures 13q-r illustrating the ·blocks which were DCT coded 

15 CINTRA blocks). 
Nut, the uncovered backgro~d that the object's motion created (with 

respect to the object's position in the previous frame) is calculated and coded 

as a separate object for the bitstream.. This separate treatment of the 

uncovered backgroun~ (along with the per object motion compensation) is w~t 

20 makes the bitstream scalable (for video objects). The bitstream can be played 

as created; the object and its uncovered background can be removed to excise 

the object tram the playback, or just the object can be extracted to. play on its 
own or to be added to a dilierent bitstream.. 

To calculate the uncovered background, the object's original (not blocked) 

· 25 segmentation masks are differenced such that all or the pixels in the previous 

mask belonginc to the current mask are removed. The resulting image is then 
blocked and the blocks used as a mask to extract the uncovered background 

from the current image. See Figures 13s-u illustrating the uncovered 

background pixels, a block mask for the pixels and the image within the mask. 
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The uncovered background image is DCT encoded as INTRA blocks 

(maldng the uncovered background objects I objects). See Figure 13v for the 

reconstructed frame. 
Decoding the bitstream for the scalable object-based video works in the 

5 same manner as the previously described decoder except that it decodes an 

object at a time instead of a frame at a time. When dropping objects, the 

decoder merely reads the object header to iind out how many bits long it is, 

reads that many bits, and throws them away. _ 

Further, quality scalability can also be achieved by p~~ding an 

l 0 additional enhancement bitstream associated with each object. By dec1>ding and 

using the enhancement bitstream the quality of the selected objects can be 

improved. u tbe channel bandwidth does not allow ror the transmi.ssiQn of this 

enhanced bitstream it can dropped at the encoder. Alternately the decoder may 
also optimize its performance by choosing to drop the enhancement bitstreams · 

15 associated with certain objects if the application does not need.them. The 

enhancementbitstream corresponding t.o a particubir object is generated at the 

encoder by computing the differences between the .object in the current frame 

and the final reconstruct.ad object (after motion failure region encoding) and 

again DCT (or Wavelet) ~coding these dil?erences with a lower quantization 

20 factor. Note that the reconstructed image should not be modified with these 

c:lift'erences for the bitstream to remain scalable i.e., the encoder and decoder 

remain in synchronization even if the enhancement bitstreams for certain 

objects are dropped. 

Figures 14a-b illustrate the preferred embodiment object removal: the 

25 person on the left in Figure 14a has been removed ui Figure 14b. 

Error concealmegt 

The foregoing object-oriented methods compress a video sequence by 

detecting moving objects (or diff'erence regions which may includ~ both object 

and uncovered background) in each frame and separating them from the 
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stationary background. The shape, content and motion 0£ these objects can 

then be efficiently coded using motion compensation and the dli?erences, if any, 

using DCT or wavelets. When this compressed data is subjected to channel 
errors, the decoder loses synchronization with the encoder, which manii"ests 

5 itself in a catastrophic loss of picture quality. Therefore, to enable the decoder 
to regain synchronization, the preferred embodiment resynchronization words 

can be inserted into the bitstream. These resynchronization words are 
introduced at the start of the data for an I frame and at th~ start o(~ach the 
codes for the following items for ev.ery detected moving object in a p. :rrame in 

' 
to addition to the start of the P frame: ·~·' 

(i) the boundary contour data (bitmap or spline); 

{il) the motion vector data; and . . . 
(iii) the DCT data for the motion. failure regions. 

Further, if control data or other data ia also included, then this data can also 
15 have resynchronization words. The resynchronization words are characterized 

by the fact that they are unique; i.e., they are dlil'erent from any given sequence 
of coded bits of the same length becaus& they are not m the Hnffimm code table 
which is a static table. For example, it a P frame had three moving objects, 

then the sequence would look like: 

20 

25 

30 

frame begin resynchronization word 
contour resynchronization word 

first object's contour data (e.g., bitmap or spline) 

motion vector: resynchronization word 

first object's motion vectors (related to bitmap macroblocks) 

OCT/wavelet resynchronization word 
first object's motion failure data 
contour resynchronization word 

second object's con.tOur data 
motion vector resynchronization word 

second object's motion vectors 
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DCT/wavelet resynchronization word 

second object's motion failure data 

contour resynchronization word 

third object's contour data 

motion vector resynchronization word 

third object's motion vectors data 

DCT/wavelet resynchronization word 

third object's motion failure data 

These resynchronization words also help the decoder in detecting errors. 

1 O Once the decoder detects an e1T0r in the received bitstream, it tries to 

find the nearest resynchronization word.· Thus the decoder reestablishes 

synchronization at the earliest posm'ble time with a minimal loss of. coit,ed data. 

An error may be detected at the decoder if any or the following co~tiom 
:• 

is observed: 

15 (i) an invalid codeword is found; 

data; 

20 

. 
(li) an invalid mode is det.ected while decoding; 

(iii) the resyn~Dization word doos not follow a decoded block of 

(iv) a motion vector points outside of the frame; 

(v) a decOded DCT value lies outside of permissible limits; or 

(vi) the boundary contour is invalid (lies outside of the image). 

I£ an error is detected in the boundary contour data, then the contour is 

dropped and is made a part of the background; this means the corresponding 

region of the previous frame is used. This reduces some distortion because 

25 there often is a lot of temporal correlation in the video sequence. 

I£ an error is detected m the motion vector data, then the average motion 

vector for the object is applied to the entire object rather than each macroblock 

using its. own motion vector. This relies on the fact that there is large spatial 

correlation in a given frame; therefore, most of the motion vectors of a given 
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object are approximately the same. Thus the average motion vector applied to 

the various macroblocks of the object will be a good approzimation and help 

reduce visual distortion significantly. 

If an error is detected in the motion failure region DCT data, then all of . . . 

5 the DCT coeflicients are set to zero and the decoder att.einpts to resynchronize. 

Error comction 

The error control code of the preferred embodiments comprises two 

Reed-Solomon (RS) coders with an interleaver in between as illustrated in 

Figure 15a. The bitstream to be transmitted is partitioned into groups of 

l 0 6 successive bits to Corm the symbols for the RS coders. This will apply 

generally to transmission over a channel. with burst errors in addition to 

random errors. The interleaver mixes up the symbols from several codewords 

so that the symbols from any given codeword are ·well separated during 

transmission. When the codewords are reeonstructed by the deinterleaver in 

15 the receiver, error bursts introduced by the channel are effectively broken up 

and spread across several codewords. The interleaver-deinterleaver pair thus 

transforms burst errors in to effectively random errors. The delay multiplier 

m is chosen so. that the overall delay is less than 250 msec. 

Each of the RS coders uses an RS code over the Galois field GF(64) and 

20 maps a block 6-bit information symbols into a larger block of 6-bit codeword 

symbols. The 6rst RS coder codes an input block o£k 6-bit information symbols 

as llt 6-bit sYmbols and £eed8 .these to the interleaver, and the second RS coder 

takes the output of the interleaver .and maps the n 2 6-bit symbols into n 1 6-bit 

codeword symbols; ·n1 • as = 4. 

25 At the receiver, each block of n 1 6-bit symbols is fed to a decoder for the 

second coder. This RS decoder, though capable of c_orrecting up to 2 6-bit 

symbol errors, is set to correct single &lTOrs only. When it detects any higher 

number of errors, it outputs n2 erased symbols. The deinterleaver spreads 

these erasures over na codewords which are then input to the decoder for the 
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first RS coder. This. decoder can correct any combination of E errors and S 

erasures such that 2E+S <= zirk. If 2E+S is greater than the above number, 
then the data is output as is and the erasures in the data, it any, are not.ed by 
the decoder. 

5 The performance of the preferred embodiment error·correcting exceeds 

the simple correction so far described by fo.rther adding a feedback. from the 
second decoder (after the deinterleaver) to the tirst decoder and thereby 

improve the error correction of the ~ decoder. In particular, assume that the 
first decoder correct E errors and det.ect.a (and erases) T errors. Also presume 

lo the second decoder can correct. S erasures .in ~y given block of N 2 symbols. 
Further, assume that at time t the .tirst decoder ~etects X errors in the inp~t 
block B which consists o£N1 6-bit symbols with X > E; implies a.decodmg 

failure at time t. This decoding failure results. in the first decoder outputting 

N2 . erased symbols. The preferred embodiment error correction system as 
15 illustrated in Figure 15b includes a butler to store the input block B of N 1 

symbols ~d the time t_ at which the decoding failure occurred; this will be used 
in the feedback described below. The deinterleaver takes the N2 erased symbol 
block output of the first decoder ~ spreads out the erased symbols over the 
next N~ blocks: one erased symbol per bloek. Thus the en:sed symbols from 

20 block B appear at the second decoder at times t, t+d, t+2d, ... t+CN~l)d where 
d is the delay increment of the deinterleaver and relates to the block length. 

Consider the time t. I£ the number or erased symbols in the input block 
to the second decoder at time t is less than or equal to S, then the second 

decoder can correct all the erasures in this input block. O.s1e of the corrected 
25 erasures derived from the input block B to the first decoder at time t. This 

corrected erasure can be either (1) one of the symbols of the input block B 
which was an error detected by the first decoder or (2) was not one of the 

symbols in error in block B but was erased due to the decoding failure. 
Compare the corrected erasure· with the contents of the corresponding 

30 location in block B which has been stored in the buffer. I£ the corrected erasure 
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is the same as the corresponding contents of stored block B, then the corrected. 
erased symbol was of category (2) and this output of the second decoder is used 
without any modification. However, if the corrected erased symbol does not 
match the contents of the corresponding location in block B, then this 

5 corresponding location symbol was one o£ the ermr symbols in block B. Thus. 
this error has been corrected by the second decoder and this correction may be 
made in block B as stored in the buft'er; that is, an originally uncorre~ble 
error in block B Cor the iirst decoder has been corrected in the stored copy or . . 
block B by a feedback from the second decoder. This reduces the number of 

10 errors X that would be detected by the first decoder if the thus corrected block 
B were again input to the first decoder. Repeat this erasure correcting by the 
second decoder at later times t+id Ci= 1, ••. , CNrl)) which correspofld to the 
erasures derived from B; this may reduce the number of errors detectable in 
block B to X-Y. Once X·Y is less than E, all o(the remmning em>rs in the now 

15 corrected input block B can be corrected, and the deinterleaver may be updat.ed 
with the thus corrected input block B. This reduces the number of erased 
symbols being passed to the second decoder at subsequent times, and th~eby 
increasing the overall probability of error correction. Contrarily, i£ it is not 
possible to correct all or the errors in the input bfock B, then the corrections 

20 · made by the second decoder are used without modification. Note that if an 
extension of the overall delay were t.olerable, then the corrected block B could 
be reinput to the first decoder. 

Simulations show that the foregoing channel coding is capable of 
correcting all burst lengths of duration less than 24 msee at transmission rates 

25 or 4l4 Kbps and 48 Kbps. 

In the case or random errors of probability 0.001 £or choices of (k,~,n1) 
equal to (24,28,32), (26,30,34), (27 ,31,34), and (28,82,36.t the decoded bit error 
rate was less than ).00000125, 0.000007, and 0.0000285, respectively with 
multiplier m=l. Similarly, for m=2 (38,43,48) may bE'i used. Note that the 
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overall delay depends upon the codeword size due to the interleaver delays. In 

fact, the overall delay is 

delay.= (~)26/bitrate 

where the 6 co.mes from. the use or 6-bit symbols and the second power from the 

5 number of symbols. in the codewords determmes the number of delays and the 

increment between delays. Of course, the number of parity symbols Cn1-n2 and 

nrk> used depends upon the bit error rate per£ormance desired and the overall 

delay. 

• In our· simulations with a bitstream of 3604480, 6-bit symbols, at a 

1 O probability of error of le-8, the number of erasures without. re~dback. is 
4613604480, 6-bit symbols (1.28e-5). With feedback, the number of erasures is 

24/3604480, 6-bit symbols (6.6~e-6). For the combination of burst error and 

random errors, number of erasures withou~ feedback is 13513604480 (3.75e-5) 

aud with feedback the number of erasures is 11812703360, 6-bit symbols 
1 s . {3.27 e-5). 

Figures 16a-b are heuristic examples illustrating the Ceedback error 
correction. In· particular,. the first row in Figure 16a shows a sequence of 

symbols Al,Bl,A2,B2, •.••. which would be the information bitstream to be 
transmitted, each synibol would be a group of iuccessive bits, (e.g. 6 bits). For 

20 simplicity of illustration, the first coder is presumed t.o encode two information 
symbols as a three symbol codeword; i.e., Al,Bl, encodes as Al,Bl,Pl with Pl 
being a parity symbol. This is analogoua t.J the 26 information symbols encoded 

as 30 symbols with 4 parity symbols as in one of the foregoing preferred 

embocHments. The second row of Figure 16a shows the codewords. The 
25 int.erleaver spreads out the symbols by delays as shown in the second and third 

rows or Figure 16a. In detail the AJ symbols have no delays, the Bj symbols 
have delays of 3 symbols, and the Pj symbols have delays of 6 symbols. The 

slanting arrows in Figure 16a indicate the delays. 
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The interleaver output (sequence or 3-symbol words) is encoded by the 

second encoding as 4-symbol codewords. The fourth row of Figure 16a 

illustrates the second encoding of the 8-aymbol words of the third row by 

adding a parity symbol Qj to form a 4-aymbol codeword. 
5 Row five of Figure 16a indicates three exemplary transmission em>rs by 

way of the x•s over the iymbols A3,P1, and BS. Presume for simplicity that the 

decoders can correct one error per codeword or can det.ect two errprs and erase 

the codeword symbols. The row 6 of Figure 16a shows the decoding to correct 

the enor in symbol BS and Eros the AS, B2, Pl word as indicated by O's over 

1 O the symbols. 

The deinterleaver reassembles the 3-symbol codewords by delays which 

are complementary to the interleaver delays: the Aj symbols have d~lays of 6 
symbols, the Bj symbols have d~ya of S-symbols and the Pj symbols have no 

delays. Rows 6-7 the delays with slanting arrows. Note the erased sYmbols 
15 spread out in the deinterleaving. 

Figure ~Sa royr 8 mustrates the second decoder correcting the erased 
symbols to recover the Al,Bl.A2,B2 .•.•• information. 

Figure 16b illustrates the same arrangement as Figure 16a but with an 

additional error which can only be corrected by use of the preferred 

20 embodiment feedback to the deinterleaver. In particular, row 6 of Figure 16b 

shows .6 errors depicted as X's over the symbols A2, Bl, A3, Pl, B3, and A4. 
In this case the first decoder detects two erron in each or the corresponding 
codewords and erases all three errors as illustrat.ed by o•s over the symbols in 
row 6 or Figure 16b. 

· 25 The demterleaver again reassembles the 3-symbol codewords by delays 
which are complementary to the interleaver delays; rows 6-7 of Figure 16b show. 
the delays with slanting arrows. The erased syliibols agam spread out, but 

three erasures in codeword A2,B2,P2 cannot be corrected. However. the 
codeword Al, Bl, Pl with Bl and Pl erased can be corrected by the second 

30 decoder io give the true codeword Al, Bl, Pl. Then the true Bl can be 
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compared to the word A2,Bl,PO,Q2 in row 5 and the fact that Bl differs in this 

word implies that Bl was one or the two errors in this word. Thus the true Bl 

can be used to form a word with only one remaining ermr (A2) and this word 
error corrected to give the true A2, Bl, PO. This is the feedback:: a later error 

5 correction (Bl in this examp~) is used to make an error correction in a 

previously uncorrected word (which bas already been decoded) and then this 

correction of the past also provides a correction of a symbol CA2 in this example) 

for future use: the erased A2 being delayed in the interleaver can be corrected 
to true A2 and reduce the number of errors in the codeword A2, B2, P2 t.o tWo. 

1 O Thus the codeword A2, B2, P2 can now be corrected. Thus the feedback from 

the Al, Bl, Pl correction to the A2, Bl, PO, Q2 decoding led to ~e correction 

of A2 and then to the possible correction of the codeword A2, B2, ~2. Of course, 

the numbers of symbols used and correctable in these examples are heuristic. 

and only for simple illustration. 
1s Anpendi; 

A_ listing of macl>ine instructions written in the C lan~ge Cor an 

implementation of the foregoing preferred embodiments appears in the attached 

Appendix. 

MgdHications 
20 The preferred embodiments may be varied in many ways while retaining 

one or more of their features. For example, the size of blocks, codes, thresholds, 

morphology neighborhoods, quantization levels, symbols, and so forth can be 

changed. Methods such as particular splines, quantization methods, transform 

methods, and so forth can be varied. 
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CLAIMS:-

1. An error correcting decoder, comprising: 
(a) a first eaor-correcting decoder; 
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(b) a dclntcrleavcr coupled to the output of said first- decoder; 
(c) a second error-correcting decoder coupled to the output of said deinterJeaver; 

(d) a buffer coupled to said first decoder; and 
(e) a feedback decoder coupled to _said buff~ and said second -decoder and with 

output to said deinterleaver, said feedback decoder decoding codewords from said buffer 

with substituted error corrected symbols from said second decoder. 

2. The decoder of claim 1, wherein: 

(a) said first decoder, said dehlterleaver, said second decoder, and said feedback 

decoder arc realized Jn a programmable digital signal processor. 

3. The decoder of claim 1, wherein: 
(aj said first and second error-correcting decoders use Reed-Solonmn error 

correcting codes. 

4. A method of error correction decoding, comprising the steps of: 
(a) providing a first sequence of possibly-error-containing codewords of the form 

made by the steps of (i) encoding an input sequence of information symbols to form a 
second sequence of error COlTeCting codew~ (d) interleaving symbols of codewords of 

said second sequence to form a third sequence of interleaved words, (ill) encoding said 
~ sequence of interleaved wo_rds to form a fourth sequence of error COll'CCting 
codewords, and (iv) introducing possible errors into said fourth sequence to form said first 
sequence; 

(b) decoding said first sequence with error correction to form a fifth sequence of· 

words; 

(c) deinterleave said fifth sequence to form a sixth ~uence of codewords; 
(d) decoding said sixth sequence with error correction to form a seventh sequence 

. of words; 
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(e) substituting a symbol of a word of said seventh sequence for the corresponding 

symbol of a word of said first Sequence when said symbols differ; 

(f) decoding said words with substitute4 sylDbo~- rrom the preceding step (e) with . . . . . 

error correction lo form words wiCh comcted symbols of said fifth sequence; 

(g) u.tjng ones of said correc:ted symbols of preceding step (t) in said deinterleaving 

of preceding step (c). 

S. A method of motion compensation in an object-oriented video stream, comprising the 

steps of: 

(a) providing a ~ with a single object; 

(b) replacing the background in said frame with a constant; 
(c) providing a second frame, said second frame following said frame; 

(d) for ea~ block of pixels of said second frame and related to said object, 

ci>mparing said block with second blocks of pixels in the result of step (b); and 

(e) defining a motion vector for said block by the comparisons of said step (d). 

6. A method of motion compensation in an object-oriented video stream, comprising the 

steps of: 
(a) 

(b) 

providing a frame with objects 01, 02, ..• On to be separately encoded; 

for each of said objects Oj: 

(i) form an image with said object Oj reconstructed from a preceding frame 

and with the pixels outside of said reconstructed Oj set equal to an average of the 

background pixel values; 

(ii) for each block of pixels of said object Oj, comparing said block with 
blocks of pixels in said image formed in step (i); and 

(iii) define a motion vector for said block by the comparisons of said 
step (ii). 

7. A method of subband transforming, comprising the stq>s of: 

(a) providing an image, said image containing a region of interest; 

(b) setting the pixels of said image outside of said region of interest to a 
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constant value; and 

(c) applying a subband transfonn to the remit of step (b). 

°' 8. A method of ~U.g a boundacy of a region in an image, comprising the steps of: 

(a) providing an image as M rows by N_ columns of ·pixels, said image-
containing a region; 

(b) tiling ~d regiQn with m rows by n columns of k-by-k blocks of pixels, 
with k at least 2; 

(c) labelling each of said bloclcs as in said region when at least tk' pixels of 

said block are in said region (including on the boundary of said region), said multiplier 
t is a positive number between 0 and 1; and 

(d) describing the boundary of said region by said labelling of said blocks. 

9. The method of claim 8, wherein: 

(a) said claim 8 step (b) of tiling includes the steps of: (i) finding the minimal-si7.e 

rectangle with sides parallel the rows and· columns and which covers said region~ (ii) 

defining said blocks with one side of said rectangle coinciding with a side of at Jeast one 

of said blocks and with a sCcond side of said rectangle coinciding with a side os at least 

one of said· blocks with said second side perpendicular to said one side and wherein each 
. . 

of said blocks contains at least one pixel of said rectangle. 

_ 10. ·'1llc method of claim 9, whcrcill: 

(a) said claim 8 step (d) of describing includes (i) locating the mtersection of said 

one side and said second side of said rectangle and (ii) a bit map of said blocks 

C01Tespondhig to said labelling of claim 8 step (c). 

11. A method of describing a boundary of a region in a sequence of images, comprising 

the steps of: 
(a) providing first and second images with each of said images as M rows by 

N columns of pixels. said second image containing a region; 
(b) tilmg said region with m rows by n columns of k-by-k blocks of pixels, 
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with k-at ·1east 2, by (i) finding the minimal-size rectangle with sides parallel the rows and 

columns and which covers said region, (ii) defining said blocks with one side of said 

rectmgle coinclcling with a side of at least one of said blocks and with a second side of 

said reccangle coinciding with a side os at least one of said blocks with said second side 

perpendicular to said ·one side and wherein each of said blocks contains at least one pixel 

of said rectangle 

(c) defining a bit map of said blocks by a block is a· 1 when at least tk2 pixels 

of said block are in said region (including on the boundary of said region) and a 0 

otherwise, said multiplier t is a positive number' between 0 and 1; and 

(d) locating the intersection of said one side and said second side of said rectangle; 

and 

(e) describing the boundary of said region by said intersection location and said bit 

map, wherein said describing includes differences from said i1rst image. 


