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(57) ABSTRACT 

A method of encoding a video signal representing a sequence 
of pictures, the method comprising comparing a ?rst picture 
With a second picture, calculating a measure of the similarity 
between the ?rst and the second pictures, comparing the 
measure of similarity With a predetermined criterion of simi 
larity and, When the measure of similarity does not meet the 
predetermined criterion of similarity, outputting an indicator 
indicating that a non-temporally predictive error concealment 
method should be used by a subsequent decoder and, When 
the measure of similarity meets the predetermined criterion of 
similarity, outputting an indicator indicating that a temporally 
predictive error concealment method should be used by a 
subsequent decoder. 

101/ 
| 1121 

I 112d 
I 112C 

I 112b 
I 
I 112a 
' I 
' I 
' I 
I | 
I I 
' I 
I l 
I I 
l I 

I! I 
l 

100/ I PICTURE I 
| STORE ‘A I 
I 107 

I I I I 
I ‘ MOTION ' 
| ESTIMATOR I 1122 

l | 
I MOTION 111 , 
I COMPENSATOR I 
| 121 120 I 

I 122/ l S | 
I ICTURE l 

vIDEo<—-|—-—-——— PSTORE IDCT _ Q" <——|—DATA 
OUT | I IN 
170) , I 1 I 

I 123 | 

' Q. I 
I I 

I IV | |_ _ _ _ _ _ _ _ _ _ m w _ _ ~ a .__ .._ _,_ ._ ._ ._. __ 

/' I 
200 (40) 1O 



Patent Application Publication Oct. 30, 2008 Sheet 1 0f 4 US 2008/0267299 A1 

V 3 
E1670 \K 



Patent Application Publication Oct. 30, 2008 Sheet 2 0f 4 US 2008/0267299 A1 

VIDEO IN (40) 101/ 
I_- _ w _ _ ~ _ _ _ _ ~ u _ u n _ ~ _ _ _ _ t _..__ 

I 105 I I-————————II—>112f I 
I I ————------—————-I——>112d I ' CONTROL I 1120 

I I I >112b 
I I’ I 

I ' 19; > DCT > Q -—--—--I->112a 

: + II \104 I 
I 106 103 v I 

I Q-1 N108 : 
I I 
I I’ I 
I N I 109 IDCT I 
I v ' I 
I 0-> I 110 I 

= I 

I I 
100/ I PICTURE I 

I STORE w I 
I 107 
I I 

I 
I I MOTION I L 
I ' ESTIMATOR I '112e 

I I 
I MOTION III I 
I COMPENSATOR I 
I / 121 120 I 

: V S S : 
URE _ 

vIDEO+—I————~ péggRE = IDCT = Q 1 <--—I---DATA 
OUT I I IN 

I S A M I 

I 123 I 

I 1.2. I 
I I 

I i’ I L ~ - — — ~ _ _ “ a m n — m m.._-T__—~-_ 

//" 
200 (40) 10 



Patent Application Publication Oct. 30, 2008 Sheet 3 0f 4 US 2008/0267299 A1 

r E1 :20 ._.Z<DOQ mw; Ema SEO P2<30m wmFE w; 0mm mm OE 

.l..._||| 

H. El 5 P2<DOQ mw; Ema 550 .2450“; with w; 0mm 
“5.5m mom “5.5m. mmoo Em nEDwm Em .rzqj?mo m”; Ema Emu P2<30a math w; 0mm 





US 2008/0267299 A1 

VIDEO CODING 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to video coding and in par 
ticular to concealing artifacts introduced by errors. 
[0002] A video sequence consists of a series of still pictures 
or frames. Video compression methods are based on reducing 
the redundant and perceptually irrelevant parts of video 
sequences. The redundancy in video sequences can be cat 
egoriZed into spectral, spatial and temporal redundancy. 
Spectral redundancy refers to the similarity betWeen the dif 
ferent colour components of the same picture. Spatial redun 
dancy results from the similarity betWeen neighbouring pix 
els in a picture. Temporal redundancy exists because objects 
appearing in a previous image are also likely to appear in the 
current image. Compression can be achieved by taking 
advantage of this temporal redundancy and predicting the 
current picture from another picture, termed an anchor or 
reference picture. Further compression is achieved by gener 
ating motion compensation data that describes the motion 
betWeen the current picture and the reference picture. 
[0003] However, su?icient compression cannot usually be 
achieved by only reducing the inherent redundancy of the 
sequence. Thus, video encoders also try to reduce the quality 
of those parts of the video sequence Which are subjectively 
less important. In addition, the redundancy of the encoded 
bit-stream is reduced by means of e?icient lossless coding of 
compression parameters and coe?icients. The main tech 
nique is to use variable length codes. 
[0004] Video compression methods typically differentiate 
betWeen pictures that utilise temporal redundancy reduction 
and those that do not. Compressed pictures that do not utilise 
temporal redundancy reduction methods are usually called 
INTRA or I-frames or I-pictures. Temporally predicted 
images are usually forWardly predicted from a picture occur 
ring before the current picture and are called INTER or 
P-frames. In the INTER frame case, the predicted motion 
compensated picture is rarely precise enough and therefore a 
spatially compressed prediction error frame is associated 
With each INTER frame. INTER pictures may contain 
INTRA-coded areas. 

[0005] Many video compression schemes also use tempo 
rally bi-directionally predicted frames, Which are commonly 
referred to as B-pictures or B-frames. B-pictures are inserted 
betWeen anchor picture pairs of 1- and/or P-frames and are 
predicted from either one or both of these anchor pictures. 
B-pictures normally yield increased compression as com 
pared With forWard-predicted pictures. B-pictures are not 
used as anchor pictures, i.e., other pictures are not predicted 
from them. Therefore they can be discarded (intentionally or 
unintentionally) Without impacting the picture quality of 
future pictures. Whilst B-pictures may improve compression 
performance as compared With P-pictures, their generation 
requires greater computational complexity and memory 
usage, and they introduce additional delays. This may not be 
a problem for non-real time encoding such as video streaming 
but may cause problems in real-time applications such as 
video-conferencing. 
[0006] A compressed video clip typically consists of a 
sequence of pictures, Which can be roughly categorized into 
temporally independent INTRA pictures and temporally dif 
ferentially coded INTER pictures. Since the compression 
ef?ciency in INTRA pictures is normally loWer than in 
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INTER pictures, INTRA pictures are used sparingly, espe 
cially in loW bit-rate applications. 
[0007] A video sequence may consist of a number of scenes 
or shots. The picture contents may be remarkably different 
from one scene to another, and therefore the ?rst picture of a 
scene is typically INTRA-coded. There are frequent scene 
changes in television and ?lm material, Whereas scene cuts 
are relatively rare in video conferencing. In addition, INTRA 
pictures are typically inserted to stop temporal propagation of 
transmission errors in a reconstructed video signal and to 
provide random access points to a video bit-stream. 

[0008] Compressed video is easily corrupted by transmis 
sion errors, mainly for tWo reasons. Firstly, due to utilisation 
of temporal predictive differential coding (INTER frames), 
an error is propagated both spatially and temporally. In prac 
tice this means that, once an error occurs, it is easily visible to 
the human eye for a relatively long time. Especially suscep 
tible are transmissions at loW bit-rates Where there are only a 
feW INTRA-coded frames, so temporal error propagation is 
not stopped for some time. Secondly, the use of variable 
length codes increases the susceptibility to errors. When a bit 
error alters the codeWord, the decoder Will lose codeWord 
synchronisation and also decode subsequent error-free code 
Words (comprising several bits) incorrectly until the next 
synchronisation (or start) code. A synchronisation code is a 
bit pattern Which cannot be generated from any legal combi 
nation of other codeWords and such codes are added to the bit 
stream at intervals to enable re-synchronisation. In addition, 
errors occur When data is lost during transmission. For 
example, in video applications using the unreliable UDP 
transport protocol in IP networks, netWork elements may 
discard parts of the encoded video bit-stream. 
[0009] There are many Ways for the receiver to address the 
corruption introduced in the transmission path. In general, on 
receipt of a signal, transmission errors are ?rst detected and 
then corrected or concealed by the receiver. Error correction 
refers to the process of recovering the erroneous data per 
fectly as if no errors had been introduced in the ?rst place. 
Error concealment refers to the process of concealing the 
effects of transmission errors so that they are hardly visible in 
the reconstructed video sequence. Typically some amount of 
redundancy is added by the source or transport coding in 
order to help error detection, correction and concealment. 
Error concealment techniques can be roughly classi?ed into 
three categories: forWard error concealment, error conceal 
ment by post-processing and interactive error concealment. 
The term “forWard error concealment” refers to those tech 
niques in Which the transmitter side adds redundancy to the 
transmitted data to enhance the error resilience of the encoded 
data. Error concealment by post-processing refers to opera 
tions at the decoder in response to characteristics of the 
received signals. These methods estimate the correct repre 
sentation of erroneously received data. In interactive error 
concealment, the transmitter and receiver co-operate in order 
to minimize the effect of transmission errors. These methods 
heavily utilise feedback information provided by the receiver. 
Error concealment by post-processing can also be referred to 
as passive error concealment Whereas the other tWo catego 
ries represent forms of active error concealment. 
[0010] There are numerous knoWn concealment algo 
rithms, a revieW of Which is given byY. Wang and Q. -F. Zhu 
in “Error Control and Concealment for Video Communica 
tion: A RevieW”, Proceedings of the IEEE, Vol. 86, No. 5, 
May 1998, pp. 974-997 and an article by P. Salama, N. B. 
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Shroff, and E. J. Delp, “Error Concealment in Encoded 
Video,” submitted to IEEE Journal on SelectedAreas in Com 
munications. 

[0011] Current video coding standards de?ne a syntax for a 
self-su?icient video bit-stream. The most popular standards 
at the time of Writing are ITU-T Recommendation H.263, 
“Video coding for loW bit rate communication”, February 
1998; ISO/IEC 14496-2, “Generic Coding of Audio-Visual 
Objects. Part 2: Visual”, 1999 (known as MPEG-4); and 
ITU-T Recommendation H.262 (ISO/IEC 13818-2) (known 
as MPEG-2). These standards de?ne a hierarchy for bit 
streams and correspondingly for image sequences and 
images. 
[0012] To assist in error concealment, the MPEG-2 video 
coding standard alloWs for the transmission of motion vectors 
for INTRA macroblocks Within INTRA pictures. These 
motion vectors are used only for error concealment, as fol 
loWs: if an INTRA macroblock is lost (or corrupted), the 
decoder uses the motion vectors belonging to the macroblock 
above the lost one to get resembling blocks from a reference 
picture. If the INTRA macroblock does not contain motion 
information, the decoder conceals the errors With a spatial 
algorithm. 
[0013] In H.263, the syntax has a hierarchical structure 
With four layers: picture, picture segment, macroblock, and 
block layer. The picture layer data contain parameters affect 
ing the Whole picture area and the decoding of the picture 
data. Most of this data is arranged in a so-called picture 
header. 

[0014] The picture segment layer can either be a group of 
blocks layer or a slice layer. By default, eachpicture is divided 
into groups of blocks. A group of blocks (GOB) typically 
comprises 16 successive pixel lines. Data for each GOB con 
sists of an optional GOB header folloWed by data for mac 
roblocks. If the optional slice structured mode is used, each 
picture is divided into slices instead of GOBs. A slice contains 
a number of successive macroblocks in scan-order. Data for 
each slice consists of a slice header folloWed by data for the 
macroblocks. 

[0015] Each GOB or slice is divided into macroblocks. A 
macroblock relates to 16x16 pixels (or 2x2 blocks) of lumi 
nance and the spatially corresponding 8><8 pixels (or block) of 
chrominance components. A block relates to 8><8 pixels of 
luminance or chrominance. 

[0016] Block layer data consist of uniformly quantised dis 
crete cosine transform coe?icients, Which are scanned in 
ZigZag order, processed With a run-length encoder and coded 
With variable length codes. MPEG-2 and MPEG-4 layer hier 
archies resemble that used in H.263. 

[0017] In H.263, the issue of error concealment is typically 
perceived as a post-processing function and is generally left 
to the decoder. In ITU-T Study Group 16 Question 15 docu 
ments no. 17, 18, 19, 20, 21 & 22, presented at the Ninth 
meeting of ITU-T Study Group 16 in NeW Jersey in the USA 
in October 1999, it is proposed to add normative language to 
H.263 to specify several error concealment techniques and to 
de?ne a signalling mechanism by Which an encoder can 
announce this to a decoder, preferably on a picture-by-picture 
basis. 

[0018] HoWever this approach is unduly restrictive on the 
decoder since the error concealment method to be used by the 

Oct. 30, 2008 

decoder is speci?ed by the encoder. Thus other concealment 
methods cannot be used, even if the decoder has these meth 
ods available to use. 

SUMMARY OF THE INVENTION 

[0019] According to a ?rst aspect of the invention there is 
provided a method of encoding a video signal representing a 
sequence of pictures, the method comprising comparing a 
?rst picture With a second picture, calculating a measure of 
the similarity betWeen the ?rst and the second pictures, com 
paring the measure of similarity With a predetermined crite 
rion of similarity and, When the measure of similarity does not 
meet the predetermined criterion of similarity, outputting an 
indicator indicating that a non-temporally predictive error 
concealment method should be used by a subsequent decoder 
and, When the measure of similarity meets the predetermined 
criterion of similarity, outputting an indicator indicating that 
a temporally predictive error concealment method should be 
used by a subsequent decoder. 
[0020] Consequently, the decoder is free to choose an 
appropriate type of error concealment method for a corrupted 
picture on the basis of the indicator. HoWever the indicator 
does not specify a particular algorithm and thus the decoder is 
not restricted to using a particular algorithm. 
[0021] Preferably the error concealment indicator is 
updated When the measure of similarity does not meet the 
predetermined criterion. The indicator then indicates What 
may be vieWed as a change in scene. 

[0022] Thus the invention enables the decoder to detect 
Which pictures belong to the same scene and, on the basis of 
this indication, to select an appropriate type of error conceal 
ment method, if required. Thus, When the error concealment 
indicator changes from one frame to another, the decoder 
responds by applying a non-predictive error concealment 
method. If the error concealment indicator is the same from 
one frame to another, responds by applying a temporally 
predictive error concealment method. 
[0023] For example, at a scene change, the similarity 
betWeen the current picture (the ?rst picture in a neW scene) 
and the last picture of the previous scene Will be loW. The 
encoder Will therefore update the error concealment indicator 
for the current picture. If the picture is corrupted, the decoder 
detects the change in the error concealment indicator and uses 
a non-temporally predictive concealment method. Addition 
ally the decoder can determine Which INTRA pictures are 
used to code a scene change and Which ones are inserted into 
the video sequence for other reasons and can select an appro 
priate concealment algorithm on the basis of this information. 
[0024] Some video encoders code all frames (after the ini 
tial frame) as INTER pictures. If the ?rst INTER picture after 
a scene cut gets corrupted, a traditional decoder is likely to 
utilise temporal prediction in an attempt to conceal the errors 
introduced by loss of an INTER picture. Consequently, the 
contents of tWo pictures from different scenes are mixed and 
the concealed picture may be unacceptably distorted. HoW 
ever a decoder according to the invention is able to detect on 
the basis of the error concealment indicator that it should use 
a non-temporal concealment method instead of a temporal 
concealment method. Hence a picture from a different scene 
is not used for error concealment. 

[0025] Compared With the solution introduced in MPEG-2, 
Which requires additional motion rectors, the invention 
requires considerably feWer bits per frame. In addition, the 
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invention operates With existing video compression standards 
that do not alloW motion vectors for INTRA macroblocks, as 
alloWed in MPEG-2. 

[0026] The error concealment indicator may be included in 
respect of the Whole picture or part of a picture. In the former 
case, typically the indicator is included in a picture header. In 
a preferred implementation of the invention, the video signal 
is encoded according to the H.263 standard and the error 
concealment indicator is included in the Supplemental 
Enhancement Information. In the latter case the error con 
cealment indicator may also be included in picture segment 
headers or macroblock headers of the encoded picture. 

[0027] According to a second aspect of the invention there 
is provided a method of encoding a video signal representing 
a sequence of pictures, the method comprising comparing a 
?rst picture With a second picture, calculating a measure of 
the similarity betWeen the ?rst and the second pictures, com 
paring the measure of similarity With a predetermined crite 
rion of similarity and outputting an indicator in response to 
the measure of similarity Wherein, When the measure of simi 
larity does not meet the predetermined criterion, the indicator 
is updated and When the measure of similarity meets the 
predetermined criterion, the indicator is unchanged. 
[0028] According to a third aspect of the invention there is 
provided a method of decoding an encoded video signal rep 
resenting a sequence of pictures, the method comprising 
receiving an encoded video signal, identifying for each pic 
ture to be decoded an indicator indicating the type of conceal 
ment method to be used in the decoding process and decoding 
the encoded video signal using a concealment method of the 
identi?ed type. 
[0029] According to a fourth aspect of the invention there is 
provided a method of error concealment comprising receiv 
ing an encoded video signal including an indicator indicating 
the type of concealment method to be used in the error con 
cealment process and concealing the error in the video signal 
appropriately. 
[0030] According to a ?fth aspect of the invention there is 
provided a method of decoding an encoded video signal rep 
resenting a sequence of pictures, the method comprising 
receiving an encoded video signal, identifying for each pic 
ture to be decoded an indicator representing the measure of 
similarity betWeen a ?rst picture and a second picture and, 
When the indicator is the same as that of a previously received 
picture, applying a temporal predictive error concealment 
method and, When the indicator is the different from that of a 
previously received picture, applying a spatial error conceal 
ment method. 

[0031] According to a sixth aspect of the invention there is 
provided a video encoder comprising an input for receiving a 
video signal representing a sequence of pictures, a calculator 
to calculate a measure of the similarity betWeen a ?rst and a 
second picture, and a comparator to compare the measure of 
similarity With a predetermined criterion of similarity and to 
output an indicator indicating the concealment method to be 
used by a subsequent decoder, the comparator being arranged 
to output an indicator indicating that a non-temporally pre 
dictive concealment method should be used When the mea 
sure of similarity does not meet the predetermined criterion, 
and, When the measure of similarity meets the predetermined 
criterion, to output an indicator indicating that a temporally 
predictive concealment method should be used by a subse 
quent decoder. 
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[0032] According to a seventh aspect of the invention there 
is provided a video encoder for encoding a video signal rep 
resenting a sequence of pictures, the encoder comprising a 
comparator for comparing a ?rst picture With a second pic 
ture, a processor for calculating a measure of the similarity 
betWeen the ?rst and the second pictures and comparing the 
measure of similarity With a predetermined criterion of simi 
larity, the processor being arranged to output an indicator in 
response to the measure of similarity Wherein, When the mea 
sure of similarity does not meet the predetermined criterion, 
the indicator is updated and When the measure of similarity 
meets the predetermined criterion, the indicator is 
unchanged. 
[0033] According to an eighth aspect of the invention there 
is provided a video decoder comprising an input for receiving 
an encoded video signal representing a sequence of pictures, 
a controller for identifying Within the video signal for each 
picture to be decoded an indicator indicating the type of 
concealment method to be used in the decoding process, and 
decoding the encoded video signal using a concealment 
method as indicated by the indicator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The invention Will noW be described, by Way of 
example only, With reference to the accompanying draWings, 
in Which: 
[0035] FIG. 1 shoWs a multimedia mobile communications 
system; 
[0036] FIG. 2 shoWs an example of the multimedia compo 
nents of a multimedia terminal; 
[0037] FIG. 3 shoWs an example ofa video codec; 
[0038] FIG. 4 shoWs the syntax of a bit stream as knoWn 
according to H.263; 
[0039] FIG. 5a shoWs an example of a bit stream output by 
an encoder according to a ?rst implementation of the inven 
tion; 
[0040] FIG. 5b shoWs an example of a bit stream output by 
an encoder according to a second implementation of the 
invention; 
[0041] FIG. 6a shoWs an example of a bit stream output by 
an encoder according to a third implementation of the inven 
tion; 
[0042] FIG. 6b shoWs an example of a bit stream output by 
an encoder according to a fourth implementation of the inven 
tion; 
[0043] FIG. 7 shoWs an example of a bit stream output by an 
encoder according to a ?fth implementation of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0044] FIG. 1 shoWs a typical multimedia mobile commu 
nications system. A ?rst multimedia mobile terminal 1 com 
municates With a second multimedia mobile terminal 2 via a 
radio link 3 to a mobile communications netWork 4. Control 
data is sent betWeen the tWo terminals 1, 2 as Well as the 
multimedia data. 
[0045] FIG. 2 shoWs the typical multimedia components of 
a terminal 1. The terminal comprises a video codec 10, an 
audio codec 20, a data protocol manager 30, a control man 
ager 40, a multiplexer/demultiplexer 50 and a modem 60 (if 
required). The video codec 10 receives signals for coding 
from a video capture device of the terminal (not shoWn) (eg 
a camera) and receives signals for decoding from a remote 
terminal 2 for display by the terminal 1 on a display 70. The 
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audio codec 20 receives signals for coding from the micro 
phone (not shown) of the terminal 1 and receive signals for 
decoding from a remote terminal 2 for reproduction by a 
speaker (not shoWn) of the terminal 1. 
[0046] The control manager 40 controls the operation of the 
video codec 10, the audio codec 20 and the data protocol 
manager 30. However, since the invention is concerned With 
the operation of the video codec 10, no further discussion of 
the audio codec 20 and protocol manager 30 Will be provided. 

[0047] FIG. 3 shoWs an example of a video codec 10 
according to the invention. The video codec comprises an 
encoderpart 100 and a decoderpart 200. The encoderpart 100 
comprises an input 101 for receiving a video signal from a 
camera or video source (not shoWn) of the terminal 1. A 
sWitch 102 sWitches the encoderbetWeen an INTRA-mode of 
coding and an INTER-mode. 

[0048] In INTRA-mode, the video signal from the input 
101 is transformed into DCT co-ef?cients by a DCT trans 
former 103. The DCT coef?cients are then passed to a quan 
tiser 104 that quantises the coe?icients. Both the sWitch 102 
and the quantiser 104 are controlled by an encoding control 
manager 105 of the video codec Which also receives feedback 
control from the receiving terminal 2 by means of the control 
manager 40. 

[0049] In INTER mode, the sWitch 102 is operated to 
accept from a subtractor 1 06 the difference betWeen the signal 
from the input 101 and a previous picture Which is stored in a 
picture store 107. The difference data output from the sub 
tractor 106 represents the prediction error betWeen the current 
picture and the previous picture stored in the picture store 
107. The data in the picture store 107 is generated by passing 
the data output by the quantiser through an inverse quantiser 
108 and applying an inverse DCT transform 109 to the 
inverse-quantised data. The resulting data is added to the 
contents of the picture store 107 by adder 110. A motion 
estimator 111 may generate motion compensation data (mo 
tion vectors) from the data in the picture store 107 in a con 
ventional manner. 

[0050] The video codec outputs the quantised DCT coef? 
cients 11211, the quantising index 112!) (i.e. the details of the 
quantising used), an INTRA/INTER ?ag 1120 to indicate the 
mode of coding performed (I or P/B), a transmit ?ag 112d to 
indicate the number of the frame being coded and the motion 
vectors 112e for the picture being coded. These are multi 
plexed together by the multiplexer 50 together With other 
multimedia signals. 
[0051] The decoder part 200 of the video codec 10 com 
prises an inverse quantiser 120, an inverse DCT transformer 
121, a motion compensator 122, a picture store 123 and a 
controller 124. The controller 124 receives video codec con 
trol signals demultiplexed from the encoded multimedia 
stream by the demultiplexer 50. In practice the controller 105 
of the encoder and the controller 124 of the decoder may be 
the same processor. 

[0052] The operation of an encoder according to the inven 
tion Will noW be described. The video codec 10 receives a 
video signal to be encoded. The encoder 100 of the video 
codec encodes the video signal by performing DCT transfor 
mation, quantisation and motion compensation. The decoded 
video data is then output to the multiplexer 50. The multi 
plexer 50 multiplexes the video data from the video codec 10 
and control data from the control 40 (as Well as other signals 
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as appropriate) into a multimedia signal. The terminal 1 out 
puts this multimedia signal to the receiving terminal 2 via the 
modem 60 (if required). 
[0053] The invention relates to the inclusion of an indicator 
in the video sequence syntax that indicates the type of con 
cealment method to be used by the decoder. This may be 
included in the picture layer of the bit stream or be provided 
as a separate layer. The indicator may enable identi?cation of 
different scenes and thus the type of concealment method to 
be used. 
[0054] In a ?rst embodiment of the invention, the error 
concealment indicator comprises a so-called scene identi?er 
(SI), Which is added to the bit-stream representation of each 
coded picture. The scene identi?er is a value, Which is the 
same for all of the pictures of the same scene. Pictures belong 
ing to different scenes typically have different scene identi? 
ers. Preferably, the value of SI is incremented each time it is 
updated. HoWever, it is envisaged that the scene identi?er 
may take one of tWo values, With pictures from adjacent 
scenes having non-identical SI values eg the pictures of the 
odd-numbered scenes having SI set to 0 and the pictures of the 
even-numbered scenes having SI set to l. 
[0055] The controller 105 of the encoder detects a scene cut 
by comparing the similarity betWeen one frame and another. 
The controller 105 compares the pixel representation of the 
current picture (received from input 102) With the pixel rep 
resentation of the previous picture stored in the picture store 
107. Each time the similarity betWeen the tWo pictures is 
beloW a certain threshold, the controller detects a scene cut 
and an updated scene indicator 112f is output. If the similarity 
is above the threshold the scene indicator is not updated but is 
repeated. 
[0056] The scene identi?er does not necessarily identify an 
actual scene cut; a change in the scene identi?er indicates that 
the current picture has changed suf?ciently With respect to a 
previous picture that the current picture may be deemed to be 
a neW scene. 

[0057] Other knoWn methods for detecting scene changes 
may be used. 
[0058] In a second embodiment of the invention, a so-called 
concealment method indicator (CMI) is added to the bit 
stream representation of each coded picture. The CMI indi 
cates to a decoder the type of concealment method that the 
decoder should use if the associated picture is corrupted. The 
encoder decides Which CMI to associate With the picture by 
comparing the similarity betWeen a current picture and a 
previous one. If the similarity betWeen the tWo pictures is 
beloW a certain threshold, the controller outputs a ?rst con 
cealment method indicator CMIIO as output 112]. This indi 
cates to a decoder that a non-temporal predictive concealment 
method should be used. If the similarity is above the threshold 
a second concealment method indicator CMIIl is output as 
output 112]. This indicates to a decoder that a temporal pre 
dictive concealment method should be used. 
[0059] The measure of similarity may be formed by calcu 
lating the mathematical correlation betWeen the tWo pictures. 
[0060] An error concealment indicator may also be 
included in the picture segment header and/ or the macroblock 
header to in?uence at this level the selection by a receiving 
decoder of an appropriate error concealment method. 

[0061] Considering the terminal 1 as receiving encoded 
video data from terminal 2, the operation of the video codec 
10 Will noW be described With reference to its decoding role. 
The terminal 1 receives a multimedia signal from the trans 
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mitting terminal 2. The demultiplexer 50 demultiplexes the 
multimedia signal and passes the video data to the video 
codec 10 and the control data to the control manager 40. The 
decoder 200 of the video codec decodes the encoded video 
data by inverse quantising, inverse DCT transforming and 
motion compensating the data. The controller 124 of the 
decoder checks the integrity of the received data and, if an 
error is detected, attempts to correct and conceal the error in 
a manner to be described beloW. The decoded, corrected and 
concealed video data is then output for reproduction on a 
display 70 of the receiving terminal 1. 
[0062] Errors in video data may occur at the picture level, 
the picture segment level or the macroblock level. Error 
checking may be carried out at any or all of these levels. 
[0063] Considering ?rst a signal encoded according to the 
invention, in Which an indicator SI is included, When an error 
is detected, the decoder examines the SI of the received but 
corruptedpicture. If the SI of the corrupted picture is the same 
as that of the temporally-neighbouring correctly decoded pic 
ture(s), the decoder applies a temporal prediction (INTER) 
concealment algorithm. The decoder may be capable of car 
rying out various temporal prediction concealment algo 
rithms. The indicator SI indicates to the decoder the type of 
concealment algorithm that should be used but does not 
specify the algorithm to be used. 
[0064] If the SI of the corrupted picture differs from that of 
the temporally-neighbouring correctly decoded picture(s), 
the decoder conceals the picture using a spatial (INTRA) 
concealment method. 
[0065] Considering a signal encoded according to the 
invention, in Which an indicator CMI is included, When an 
error is detected, the decoder examines the CMI of the 
received but corrupted picture. If the CMI of the corrupted 
picture is CMI1, the decoder conceals the picture using a 
spatial concealment method. If the CMI of the corrupted 
picture is CMI2, the decoder applies a temporal prediction 
concealment algorithm. Again the decoder may be capable of 
carrying out various error concealment algorithms. The indi 
cator CMI indicates to the decoder the type of concealment 
method that should be used but does not specify the algorithm 
to be used. 
[0066] An example of hoW the error concealment indicator 
may be included in the syntax of an encoded signal Will noW 
be addressed With reference to the H.263 video coding stan 
dard. 
[0067] FIG. 4 shoWs the syntax of a bit stream as knoWn 
according to H.263. (The folloWing implementations 
describe the GOB format but it Will be clear to a skilled person 
that the invention may also be implemented in the slice for 
mat.) As mentioned already, the bit stream has four layers: the 
picture layer, picture segment layer, macroblock layer and 
block layer. The picture layer comprises a picture header 
folloWed by data for the Group of Blocks, eventually folloWed 
by any optional end-of-sequence code and stuf?ng bits. 
[0068] The prior art H.263 bit stream is formatted as shoWn 
in FIG. 4. A descriptor for each part is given beloW: 
[0069] PSC The picture start code (PSC) indicates the start 

of the picture 
[0070] TR The Temporal Reference (TR) is formed by 

incrementing its value in the temporally previous reference 
picture header by one plus the number of skipped or non 
referenced pictures since the previously transmitted one 

[0071] PTYPE Amongst other things, PTYPE includes 
details of the picture coding type i.e. INTRA or INTER 
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[0072] PQUANT A codeWord that indicates the quantiser 
to be used for the picture until updated by any subsequent 
quantiser information 

[0073] CPM A codeWord that signals the use of optional 
continuous presence multipoint and video multiplex 
(CPM) mode 

[0074] PSBI Picture Sub-Bit stream Indicatorionly 
present if CPM is set 

[0075] TRB Present if the frame is a bi-directionally pre 
dicted frame (knoWn as a PB-frame) 

[0076] DBQUANT Present if a bidirectional frame 
[0077] PEI This relates to extra insertion information and is 

set to “l” to indicate the presence of the folloWing optional 
data ?elds PSUPP and PEI. PSUPP and PEI are together 
knoWn as Supplemental Enhancement Information, Which 
is further de?ned in Annex L of H.263. 

[0078] GOBS Is the data for the group of blocks for the 
current picture 

[0079] ESTF A stu?ing codeWord provided to attain byte 
alignment before EOS 

[0080] EOS A codeWord indicating the end of the data 
sequence for the picture 

[0081] PSTUF A stuf?ng codeWord to alloW for byte align 
ment of the next picture start code PSC 

[0082] The structure as shoWn in FIG. 4 does not include 
the optional PLUSTYPE data ?eld. PSBI is only present if 
indicated by CPM. TRB and DBQUANT are only present if 
PTYPE indicates use of a so-called PB frame mode (unless 
the PLUSTYPE ?eld is present and the used of DBQUANT is 
indicated therein). These issues are addressed in more detail 
in the H.263 speci?cation. 
[0083] The folloWing paragraphs outline possible imple 
mentations of the bit-stream output by an encoder according 
to the invention. 
[0084] The concealment method indicator may be incorpo 
rated into a H.263 bit stream as folloWs. FIG. 5a shoWs an 
example of a bit stream output by an encoder according to the 
?rst implementation of the invention. As shoWn in FIG. 5a, 
the bit stream includes an additional codeWord SI Which is a 
codeWord indicating the scene to Which the picture belongs. 
This is inserted by the encoder according to the amount of 
change betWeen successive pictures, as described above. A 
change in identi?er indicates that the similarity betWeen the 
picture being coded and a reference picture is loW. The 
decoder uses this information to select an error concealment 
method of the indicated type. In this case, the type of error 
concealment method to be used is not speci?cally indicated, 
but can be determined from the changes in SI. 
[0085] FIG. 5b shoWs an example of a bit stream output by 
an encoder according to the second implementation of the 
invention. As shoWn in FIG. 5b, the bit stream may include an 
additional codeWord CMI Which is a codeWord indicating the 
type of concealment method to be used by the decoder. This 
is inserted by the encoder according to the amount of change 
betWeen successive pictures, as described above. 
[0086] Alternatively, the SI or CMI may be included in the 
Supplemental Enhancement Information PSUPP (see Annex 
L of H.263 and FIG. 4). The supplemental information may 
be present in the bit stream even though the decoder may not 
be capable of providing the enhanced capability to use it, or 
even to properly interpret it. Simply discarding the supple 
mental information is alloWable by decoders unless a require 
ment to provide the requested capability has been negotiated 
by external means. 
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[0087] IfPEI is set to “1”, then 9 bits folloW consisting of8 
bits of data (PSUPP) and then another PEI bit to indicate if a 
further 9 bits folloW and so on. The PSUPP data consists of a 
4-bit function type indication FTYPE, followed by a 4-bit 
parameter data siZe speci?cation DSIZE followed by DSIZE 
octets of function parameter data, optionally folloWed by 
another FTYPE and so on. It is knoWn to use this PSUPP 
codeWord to signal various situations such as: to indicate a 
full-picture or partial-picture freeZe or freeZe-release request 
With or Without resizing; to tag particular pictures or 
sequences of pictures Within the video stream for external 
use; or to convey chroma key information for video compos 
iting. 
[0088] To implement the invention using the Supplemental 
Enhancement Information, a further FTYPE is de?ned as 
“Scene Identi?er” or “CMI”. For example, FTYPE 15 may be 
used for this purpose. 
[0089] This is illustrated in FIGS. 6a and 6b. FIG. 6a illus 
trates the example Where a parameter SI is included in the SEI 
of the picture header. The FTYPE is de?ned as Scene Iden 
ti?er SI. The DSIZE speci?es the siZe of the parameter and the 
folloWing octet is the parameter data i.e. the value of SI. From 
this value a receiving decoder can determine Whether a cor 
rupted picture is from the same “scene” as a previous one and 
so select the most appropriate type of concealment method. 
FIG. 6b illustrates the example Where a parameter CMI is 
included in the SEI of the picture header. The FTYPE is 
de?ned as Concealment Method Indicator CMI. The DSIZE 
speci?es the siZe of the parameter and the folloWing octet is 
the parameter data i.e. the value of CMI. From this value a 
receiving decoder can determine the mo st appropriate type of 
concealment method for a corrupted picture. 
[0090] Alternatively, the information may be contained in 
the additional Supplemental Enhancement Information as 
speci?ed in a “Draft of neW Annex W: Additional Supple 
mentary Enhancement Information Speci?cation” P. Ning 
and S. Wenger, ITU-T Study Group 16 Question 15 Docu 
ment Q15-I-58, November 1999. 
[0091] In this draft proposal, FTYPE 14 is de?ned as “Pic 
ture Message”. When this FTYPE is set, the picture message 
function indicates the presence of one or more octets repre 
senting message data. The ?rst octet of the message data is a 
message header With the structure shoWn in FIG. 7 i.e. CONT, 
EBIT and MTYPE. DSIZE is equal to the number of octets in 
the message data corresponding to a picture message func 
tion, including the ?rst octet message header. 
[0092] The continuation ?eld CONT, if equal to 1, indicates 
that the message data associated With the picture message is 
part ofthe same logical message as the message data associ 
ated With the next picture message function. The End Bit 
Position ?eld EBIT speci?es the number of least signi?cant 
bits that shall be ignored in the last message octet. Further 
details of these ?elds can be found in the draft of Annex W, 
referred to above. 

[0093] The ?eld MTYPE indicates the type of message. 
Various types of message are suggested in the draft of Annex 
W. According to the invention one type eg MTYPE 9 is 
de?ned as Error Concealment Type. The value of the scene 
identi?er or CMI is de?ned in the octet folloWing the message 
header. For the scene identi?er the value is the same in all 
pictures of the same scene. Pictures belonging to different 
scenes have different scene identi?er values. The decoder 
uses the Si or CMI to determine the type of error concealment 
to be used. 
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[0094] The message may also indicate the type of error 
concealment that should be used for particular speci?ed rect 
angular areas of the current picture if at least part of the area 
is not correctly received. There may be multiple error con 
cealment type messages for one picture each specifying the 
concealment type for a non-overlapping rectangular area. 
Advantageously if the messages do not cover some areas of 
the picture, a decoder uses any error concealment for those 
areas. Preferably, the decoder uses the concealment type that 
corresponds to the picture type i.e. a temporal predictive 
concealment method for an INTER-frame and a non-tempo 
ral predictive concealment method for an INTRA-frame. 
[0095] A speci?c example Will noW be given. For each error 
concealment type message, DSIZE shall be 6, CONT shall be 
0, and EBIT shall be 0. If the ?rst data byte is equal to one 
(0000 0001), this indicates to a decoder that transmission 
errors are to be concealed using spatial concealment algo 
rithms only. If the ?rst data byte is equal to tWo (0000 0010), 
this indicates to a decoder that transmission errors are to be 
concealed using temporal prediction. The folloWing four 
PSUPP octets contain the horizontal and vertical location of 
the upper left comer of the speci?ed rectangular region Within 
the picture Within Which errors are to be concealed, and the 
Width and height of the rectangular region, respectively, using 
eight bits each and expressed in units of 16 pixels (of lumi 
nance picture). For example, an entire Quarter Common 
Intermediate Format (QCIF) picture (Which has a luminance 
picture of 176x144 pixels) is speci?ed by the four parameters 
(0, 0, 11, 9). 
[0096] For picture formats having a Width and height that is 
not divisible by 16, the speci?ed area may extend to the next 
larger siZe that Would be divisible by 16. For example, an 
entire image having siZe of 160x120 pixels is speci?ed by the 
four parameters (0, 0, 10, 8). Preferably, the speci?ed area 
does not cross picture boundaries. and preferably does not 
overlap With other speci?ed error concealment areas of the 
same picture. 
[0097] The error concealment indicator may also be incor 
porated into other video coding protocols. For example 
MPEG-4 de?nes so-called user data, Which can contain any 
binary data and is not necessarily associated With a picture. 
The error concealment identi?er may be added to these ?elds. 
[0098] The invention is not intended to be limited to the 
video coding protocols discussed above: these are intended to 
be merely exemplary. The invention is applicable to any video 
coding protocol in Which a choice of error concealment meth 
ods is available. The addition of the information as discussed 
above alloWs a receiving decoder to determine Which Would 
be the best type of error concealment method to use. 

What is claimed is: 
1. A method of encoding a video signal representing a 

sequence of pictures to form an encoded video signal, the 
method comprising: 

generating an error concealment algorithm type indicator 
for a picture or a part thereof, the error concealment 
algorithm type indicator for providing an indication of a 
type of error concealment algorithm, said indication to 
be used as the basis for choosing, in a corresponding 
decoding process, a particular error concealment algo 
rithm of the type indicated; and 

providing the error concealment algorithm type indicator, 
for use in the corresponding decoding process, separate 
from an indication of an encoding mode for the picture. 
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2. A method according to claim 1, comprising generating 
the error concealment algorithm type indicator to indicate 
either a temporally-predictive or a non-temporally-predictive 
type of error concealment algorithm. 

3. A method according to claim 1, comprising generating 
the error concealment algorithm type indicator by: 

comparing a ?rst picture of the sequence or a part thereof 
With a second picture of the sequence; 

calculating a measure of similarity betWeen the ?rst picture 
or said part thereof and said second picture; and 
comparing the measure of similarity With a predeter 
mined criterion of similarity. 

4. A method according to claim 2, comprising generating 
the error concealment algorithm type indicator by: 

comparing a ?rst picture of the sequence or a part thereof 
With a second picture of the sequence; 

calculating a measure of similarity betWeen the ?rst picture 
or said part thereof and said second picture; and 

comparing the measure of similarity With a predetermined 
criterion of similarity. 

5. A method according to claim 4, comprising: 
generating the error concealment algorithm type indicator 

to indicate that a non-temporally-predictive error con 
cealment algorithm should be used in the corresponding 
decoding process for the ?rst picture or said part thereof, 
When the measure of similarity does not meet the pre 
determined criterion of similarity; and, 

generating the error concealment algorithm type indicator 
to indicate that a temporally-predictive error conceal 
ment algorithm should be used in the corresponding 
decoding process for the ?rst picture or said part thereof 
When the measure of similarity meets the predetermined 
criterion of similarity. 

6. A method according to claim 5, comprising updating the 
error concealment algorithm type indicator When the measure 
of similarity does not meet the predetermined criterion of 
similarity. 

7. A method according to claim 5, comprising including the 
error concealment algorithm type indicator in a picture 
header. 

8. A method according to claim 5, comprising encoding the 
video signal according to the H.263 standard and including 
the error concealment algorithm type indicator in the Supple 
mental Enhancement lnforrnation of the standard. 

9. A method according to claim 5, comprising updating the 
error concealment algorithm type indicator When the measure 
of similarity does not meet the predetermined criterion of 
similarity, and leaving the error concealment algorithm type 
indicator unchanged When the measure of similarity meets 
the predetermined criterion of similarity. 

10. A method according to claim 5, comprising using a 
scene identi?er as the error concealment algorithm type indi 
cator, the scene identi?er having the same value for all pic 
tures of a scene, the scene identi?er having a different value 
for each different scene. 

11. A method according to claim 5, comprising using a 
scene identi?er as the error concealment algorithm type indi 
cator, the scene identi?er having one of tWo values, With 
pictures from adjacent scenes having non-identical scene 
identi?er values. 

12. A method according to claim 5, comprising including 
the error concealment algorithm type indicator in a picture 
segment header and/or a macroblock header. 
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13. A method according to claim 5, comprising generating 
the error concealment algorithm type indicator to indicate a 
type of error concealment algorithm to be applied to a speci 
?ed rectangular area of a picture. 

14. A method according to claim 13, comprising generat 
ing multiple error concealment algorithm type indicators for 
a picture, each error concealment algorithm type indicator 
being speci?c to one of a plurality of non-overlapping rect 
angular areas of the picture. 

15. An apparatus for encoding a video signal representing 
a sequence of pictures to form an encoded video signal, the 
apparatus being con?gured to: 

generate an error concealment algorithm type indicator for 
a picture or a part thereof, the error concealment algo 
rithm type indicator for providing an indication of a type 
of error concealment algorithm, said indication to be 
used as the basis for choosing, in a corresponding decod 
ing process, a particular error concealment algorithm of 
the type indicated; and 

provide the error concealment algorithm type indicator, for 
use in the corresponding decoding process, separate 
from an indication of an encoding mode for the picture. 

16. An apparatus according to claim 15, Wherein the appa 
ratus is con?gured to generate the error concealment algo 
rithm type indicator to indicate either a temporally-predictive 
or a non-temporally-predictive type of error concealment 
algorithm. 

17. An apparatus according to claim 28, Wherein the appa 
ratus is con?gured to generate the error concealment algo 
rithm type indicator by: 

comparing a ?rst picture of the sequence or a part thereof 
With a second picture of the sequence; 

calculating a measure of similarity betWeen the ?rst picture 
or said part thereof and said second picture; and 
comparing the measure of similarity With a predeter 
mined criterion of similarity. 

18. An apparatus according to claim 16, Wherein the appa 
ratus is con?gured to generate the error concealment algo 
rithm type indicator by: 

comparing a ?rst picture of the sequence or a part thereof 
With a second picture of the sequence; 

calculating a measure of similarity betWeen the ?rst picture 
or said part thereof and said second picture; and 
comparing the measure of similarity With a predeter 
mined criterion of similarity. 

19. An apparatus according to claim 18, Wherein the appa 
ratus is con?gured to: 

generate the error concealment algorithm type indicator to 
indicate that a non-temporally-predictive error conceal 
ment algorithm should be used in the corresponding 
decoding process for the ?rst picture or said part thereof 
When the measure of similarity does not meet the pre 
determined criterion of similarity; and 

generate the error concealment algorithm type indicator to 
indicate that a temporally-predictive error concealment 
algorithm should be used in the corresponding decoding 
process for the ?rst picture or said part thereof When the 
measure of similarity meets the predetermined criterion 
of similarity. 

20. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to update the error concealment algorithm 
type indicator When the measure of similarity does not meet 
the predetermined criterion of similarity. 
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21. An apparatus according to claim 19, wherein the appa 
ratus is con?gured to include the error concealment algorithm 
type indicator in a picture header. 

22. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to encode the video signal according to the 
H.263 standard and to include the error concealment algo 
rithm type indicator in the Supplemental Enhancement Infor 
mation of the standard. 

23. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to use a scene identi?er as the error con 

cealment algorithm type indicator, the scene identi?er having 
the same value for all pictures of a scene, the scene identi?er 
having a different value for each different scene. 

24. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to use a scene identi?er as the error con 

cealment algorithm type indicator, the scene identi?er having 
one of tWo values, With pictures from adjacent scenes having 
non-identical scene identi?er values. 

25. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to include the error concealment algorithm 
type indicator in a picture segment header and/ or a macrob 
lock header. 

26. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to generate the error concealment algo 
rithm type indicator to indicate a type of error concealment 
algorithm to be applied to a speci?ed rectangular area of a 
picture. 

27. An apparatus according to claim 26, Wherein the appa 
ratus is con?gured to provide multiple error concealment 
algorithm type indicators for a picture, each error conceal 
ment algorithm type indicator being speci?c to one of a plu 
rality of non-overlapping rectangular areas of the picture. 

28. An apparatus according to claim 19, Wherein the appa 
ratus is con?gured to update the error concealment algorithm 
type indicator When the measure of similarity does not meet 
the predetermined criterion of similarity, and to leave the 
error concealment algorithm type indicator unchanged When 
the measure of similarity meets the predetermined criterion of 
similarity. 

29. A portable radio communications device including at 
least one of an apparatus for encoding a video signal repre 
senting a sequence of pictures to form an encoded video 
signal and an apparatus for decoding an encoded video signal 
representing a sequence of pictures, the apparatus for encod 
ing a video signal being con?gured to: 

generate an error concealment algorithm type indicator for 
a picture or a part thereof, the error concealment algo 
rithm type indicator for providing an indication of a type 
of error concealment algorithm, said indication to be 
used as the basis for choosing, in a corresponding decod 
ing process, a particular error concealment algorithm of 
the type indicated; and 
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provide the error concealment algorithm type indicator, for 
use in the corresponding decoding process, separate 
from an indication of an encoding mode for the picture, 
and 

the apparatus for decoding an encoded video signal being 
con?gured to: 

receive an error concealment algorithm type indicator for a 
picture or a part thereof, the error concealment algorithm 
type indicator being separate from an indication of an 
encoding mode for the picture; 

use the received error concealment algorithm type indica 
tor as the basis for choosing a particular error conceal 
ment algorithm of the type indicated; and 

apply the chosen error concealment algorithm to conceal 
an error in the picture or said part thereof. 

30. An apparatus for encoding a video signal representing 
a sequence of pictures to form an encoded video signal, the 
apparatus comprising one or more functional units for: 

generating an error concealment algorithm type indicator 
for a picture or a part thereof, the error concealment 
algorithm type indicator for providing an indication of a 
type of error concealment algorithm, said indication to 
be used as the basis for choosing, in a corresponding 
decoding process, a particular error concealment algo 
rithm of the type indicated; and 

providing the error concealment algorithm type indicator, 
for use in the corresponding decoding process, separate 
from an indication of an encoding mode for the picture. 

31. An apparatus for encoding a video signal representing 
a sequence of pictures to form an encoded video signal, the 
apparatus comprising a processor con?gured to control: 

generation of an error concealment algorithm type indica 
tor for a picture or a part thereof, the error concealment 
algorithm type indicator for providing an indication of a 
type of error concealment algorithm, said indication to 
be used as the basis for choosing, in a corresponding 
decoding process, a particular error concealment algo 
rithm of the type indicated; and 

provision of the error concealment algorithm type indica 
tor, for use in the corresponding decoding process, sepa 
rate from an indication of an encoding mode for the 
picture. 

32. An apparatus for decoding an encoded video signal 
representing a sequence of pictures, the apparatus comprising 
a processor con?gured to control: 

reception of an error concealment algorithm type indicator 
for a picture or a part thereof, the error concealment 
algorithm type indicator being separate from an indica 
tion of an encoding mode for the picture; 

choice of a particular error concealment algorithm of a type 
indicated by the received error concealment algorithm 
type indicator; and 

application of the chosen error concealment algorithm to 
conceal an error in the picture or said part thereof. 

* * * * * 


