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met hod®of and apparatus for decoding a currently g@%‘eéﬁ“@he pageda.. s kg paged ...
of two-layer coded signals each of which includes j# §3sw(s | apegedof!.cburaged .. 2.....
base data and coded notion vector data, and-an enhi#duaeing(s) apegedoflic oopged .. 5.
enhancenent data bei ng the dlfferences betmeen th r@nﬂmdad vi:gegedsi.gnal pagedl..........

base layer. In this appllcatlon the phrase V|deo srgnals reters roa

digital representati onMBEHS : M
two-| ayer coding of video signals was devised for use on ATM networks whi ch

may suffer cell |loss causing large disruption in the transported data
streans on variabl e biTh¥at &nyYBR}oBh&RASILES AP XaRpFROSf 0% ARG |3WRATAtUS
coding schene is fB§C&@§8§1hQ QSCQQEEHEl9UHE§élée833n363fl%\Mﬁﬁﬂbs of two-
transmssion is via a rraln h and an a I|ar% ﬁth of a yarjabgle 15

rate digital transiesi6ad ﬁ@tW&QFO\ﬂkﬁP? t FHCHhot Bg B?e(ﬁbase
di spat chi ng the tidywdt tey/f dodd® Wpasd Wieta ndrot noaideah mestibar iverotomfdetmgt izomd

's dispatched Vla the 3%&&&8% R%&gr of coded enhancement data being the

- differences between the wuncoded video signal and a
reconstruction of the immediately previous base video

signal from the base layer.
10 _ In this application the phrase*video signals refers to
a digital representation of a video source. B
This so called two;iayer coding of video signals was
devised for use on ATM networks which may suffer cell loss
causing large disruption in the transported data streams on
15 variable bit rate (VBR) channels.
An example of a two-layer codifg>scheme is disclosed
in US patent number 4,933,762 in which transmission is via
a main path and an auxiliary path of a variable rate
digital %£ransmission network. When the main path is not
20 capable of dispatching the totality if the picture
information, auxiliary information is dispatched via the

auxiliary path.
A drawback of conditional replenishment systems where

only the significant differences between successive video
25 signals (or frames) are coded and transmitted when more
efficient interframe coders are used is that transmission
errors are not confined to a simgle decoded frame but

propagate into later frames.
Masahiro Wada in an article titled "Selective Recovery

: 30 of Video Packet Loss Using Error Concealment”, IEEE Journal
§ on Selected Areas in Communications, Vol 7 (1989) Junek no
; 5, New York US describes an error concealment method for
! single channel (i.e. one layer) transmission cheme over a
VBR channel. When a decoder detects a video packet loss,

35 pigture gquality is partially recovered bf motion-

' Sheet Has Been Re[ilaced

TN



A dr awback .of conditional replenishnment systens where only the significant
di fferénces between successive video signals (or franes) are

oded and
transmitted 20 when nore efficient interframe coders are usegsphee een Replaced
transm ssion errors are not confined to a single decoded fra . uluum
propagate into later frames. Masahiro Wada irn<4am article titl

Recovery of Video Packet Loss Using Error Conceal nent", |EEE Journal on
Sel ected Areas in Conmunications, Vol. 7 (1989) June no. 5, New York US

descri bes an error conceal nent nethod for single 25 .channel (i.e. one
| ayer) transm ssi Wg%ﬂ%ﬁ’éeéve"rr‘%P’VBR%ﬁSﬁﬁ’é?’f‘tV\V’ré'h 3%8@03&0?& e%trgma the
vi deo packet | osspr@vidusbyquabetyelsvpaed i ftdne raaoowricfidy Wpttilon-average

conpensat ed error_conceal negérgnomhcéﬁbtilo%&léswggg nggggfﬁﬁ%ogﬁgg r@\gl\%é\c/ﬁgr

video frame are shPT1R% B ERES a¥erage “motion vectors 0CKs
nei ghbour those usenkcéalmentcedlimentnethtd mayt bodveangdpavesealieguane $prtwo

one or two 1 si gy A0; nbl BPKBKGULERLAUSRS O €GEELL UL S HUILRANERR Ror

| arger group of mssing ocks. Experinents bg t he Applicant have shown
that as many as flRAFIBF ockBORRIN Yo MiEEERT nPoOGREel |, BXPPELRBELS ankl wheht
Cﬁll | 0ss occurs PpricAM RAOIIhovr tiftal 4y RBh§ ias tfwur epl serseRlan be
sheet
fitted into a cell, or packet, and when cell loss occurs on
an ATM network, it usually happens in bursts of cells,
10 perhaps betwwen three and tend, resulting in tens of

missing blocks.
Preferably, the base layer carries data for a base

mode picture together with wvital information such as
synchronisation data and should, therefore, be transmitted

15 at a constant bit rate on a "guaranteed" constant bit rate
channel.

The enhancement layer coding the differences between
the video signal being coded and a ~ video frame
reconstructed from the base layer alone (which will also be

20 referred to as "enhancement data"), brinéé the base mode
picture up to the final required quality. The enhancement
layer will, in general, have a fluctuating bit rate and can
be transmitted wvia a VBR channel. Should any of this
information be lost it will not affect tracking of the

25 reconstructed frames but will only result in a momentary
reversion to base mode guality. The occasional loss of
resolution is compensated by obtaining the benefits of VBR
transmission, for example, cost efficient use of the
network channels.

30 Such coded video signals can be decoded by decoding
the base layer to obtain a base video signal, decoding the
enhancement layer to obtain enhancement data, and combining

the base video signal and the enhancement data to obtain

the final decoded video signal.
35 This two-layer coding scheme has been verified by

computer simulation on a two-layer adaption of the CCITT



-2 -+happens in bursts of cells, perhaps between three and ten, resulting
in tens of mssing blocks. Preferably, the base |ayer carries data for a
base node picture together with vital information such as synchronisation

data and shoul d,

therefore, be transmitted 5 3at a constant bit rate on a

"guar ant eed" constant bit rate channel. The enhancenent |ayer coding the
di fferences between the video signal being coded and a video frane
reconstructed fromthe base_|ayer alone (which will _also be referred to as

"enhancenment dat d*)26hrStRRAZRR BhsEERRTEDildt die JFEo JaF 3 in AR S&HRTRA
quality. The enhancaient ol a&’@ﬁm\ﬁhkbatiﬂnﬂ,enefom 7hawe asf | meheatliosy bih an

rate 10 and can be trans la.a VBR anne of thi.s

i nformation be | &FCH%E Sui g‘?’ G ot 9T EiayFee%oEﬁ]éﬁﬁgt & PR
but will only residndls af:smmﬂamg/twmer"5|m vtmdjawmdﬂ:lq.walort yof Twecion
occasi onal |%§S Ooﬂgg%gégféy £§~code the video signal in the base layer
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leads to a high degree of bandwidth compression. The
motion vectors are transmitted as part of the base layer in
a "guaranteed" constant bit rate (CBR) channel as they are
essential for reconstructing thg base mode picture. As the
enhancement layer mostly carries information about picture
details or edges, the loss of data from this layer is seen
aé loss. of resolution in the reconstructed “picture
generated from the decoded video signal. The base layer
data will deliver an acceptable picture guality for plain
areas but more detailed areas may suffer wvisible
degradation, although computer simulations indicate this
particular H.261 based scheme is resilient to cell loss
with rates as high as 1 in 10 not being readily visible.

The present invention aims to provide improved
decoding _of video signals encoded by suth two-layer
techniques and, according to a first aspect, a method of
decoding s&;h coded video._signals according to the preamble
of claim 1 is characterised in €hat it further includes the
steps of detecting whether any enhancement data is missing
from the enhancement layer; and, in such a case,
interpolating the missing enhancement <data from the
enhancement data of the immediately previously received
coded video signal and the motion vectors of the currently
received base layer.

-The invention utilises the fact that the base layer is
transmitted wvia a “guaranteed"” channel thereby ensuring
receipt at the decoder of the motion vectors of the
currently received, coded video signal. These motion
vectors will therefore be available to provide the
appropriate displacement to the- immediately previous
enhancement data to determine which of those enhancement



conpensated by obtaining the benefits of VBR transm ssion, for exanple,

cost efficient use of the network channels. 15 Such coded vi deo
signal s can be decoded by decoding the base |l ayer to obtain a base video

si gnal, decoding the enhancenent |ayer to obtain enhancenent data, and
conbi ni ng the base video signal and the enhancenent data to obtain the
final decoded video signal. This two-layer coding schene has been verified
by conputer sinulation on a 20 two-layer adaption of the CCTT -3- H 261
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signal. The method according to the present invention has
the advantage that it provides a good quality reconstructed
picture even with a large number of blocks missing in the
enhancement layer caused by bursts of lost cells.

The interpolation o¢f the enhancement data could be
carried out in the transform domain on the previously
received enhancement layer cells of information when linear
transform coding (eg. DCT coding) is employed. However
this will not, in general, be practicable as the
enhancement coded parts of the frames- vary spatially
between frames and the cells 4o not carry data related to
the same location but are packed into the available cell
space. The interpolation is, then, preferably carried out
in the picture element (pel) domain but it should be
understood that the invention in its broadest aspect is not
restricted to this preferred method. -

The decoder for decoding the base layer may have a
frame store for storing the immediately pPrevious decoded
base layer (the base video signal or base pictu;e) to be
used as a reference in decoding the following, current,
video signal. A convenient method of obtaining the
immediately previous enhancement data necessary for the
present invention i1s to determine the differences between
that stored base video signal and the immediately previous
decoded video signal. This can be achieved by storing the
immediately previous decoded video signal in a second frame
store and subsequently obtaining the differences between
these two video signals in known manner.

Alternatively, the immediately previous decoded
enhancement data itself could be stored in a frame store so
as to be available directly for decoding the current video
signal by the method ¢f the present invention.

The method adopted to detect whether any enhancement
data is missing from the enhancement layer will depend in



5 conpensation to-code the video signal in the base |ayer |eads to a high
degree ‘of bandw dth conpressi on. The notion vectors are transmtted as
part of the base layer in a "guaranteed" constant bit rate (CBR) channel as
they are essential for reconstructing the base node picture. As the 10
enhancenent |ayer nostly carries information about picture details or
edges, the loss of data fromthis layer is seen as loss of resolution in
the reconstructed picture generated fromthe decoded video signal. The
base | ayer data will deliver an acceptable picture ggglity for plain 15

areas but noreit@ed&tisdds fredde MG IFFHOY| 8F BF PBehRaRt FER, STIN2L

al t hough conput epogieul atis@Rg liypditgat enhBhsepanti cuker Wil26hebagadsachess

is resilient to cell loss with rates as high,as_ 1 jn_10 not being readi

Visible. The presBntoPROERERorCS 1% #5 pPéui HSPREFONEd DF Teebedthg °8iL

video signals seaqodede byne sogh dewerimayer which, if any, may have Dbeen

5 lost. When one or more cells are found to be missing, the
data that may have been lost can be determined from the
information of the intact cells bounding the missing cell
or cells. This data is then interpolated using the motion
vectors and the enhancement —data from the immediately

10 previous coded video signal. R

- According to a further aspect of the invention, a
decoder for implementing.the method according to the first
aspect of the invention as recited in the preamble of claim
5 is characterised in including a cell-loss detection means

15 for detecting whether any enhancement data is missing from
the enhancement layer; interpolating means for providing
interpolation data comprising the enhancement data of the
immediately previous received, coded video signal modified
in accordance with the motion vectors of the currently

20 received base layer; and means for replacihg any missing
enhancement data with interpolated data.

- The interpolating means may include a first frame
store for storing a first base video signal which is a
reconstruction from the base layer of the immediately

25 previous coded video sigﬁal, a second frame store for
storing the immediately previous decoded video signal,
differencing means for -obtaining the enhancement data by
subtracting the first frame from thé second frame, and
displacement means for displacing the enhancement data in

30 accordance with the received motion vectors.

Alternatively, the last decoded enhancement data may
be stored in a frame store for later wuse by the
interpolating means.

When there is no cell loss the decoder functions as

35 previously known two-layer decodérs. In the event of
boésible lost cells, the interpolated data is used instead



technlques'and according to a first aspect, a nmethod of decoding such
coded Vi deo signals according to the preanbl e of cIa|n11 |s characterlsed

in that it further includes the steps of detecting whet
data is mssing 25 from the enhancenent |ayer; and
case, interpolating the m ssing enhancenent- glata fron1th ata
of the imedi ately previously received coded video signal and the notion
vectors of the currently received base |ayer. 30 The invention
utilises the fact that the base layer is transmtted via a "guaranteed"
channel thereby edfsthieng nfecmiayiont inhshgesddsingf cehdsnboi srcvastanstothe

the currently reggiekedss ﬁQ@edtrYéP@& 5'191'&%|ea31ng-rh€§3 PO SR VELL YFS the
will therefore be available provid t he "35 appropriate
di spl acenent t oPACHRELS ﬁl?é‘&FéF@Fiypr+Ev’r%L&°”§?ﬂ1’é’rfc‘é‘?’r&ﬂ tdlﬁ RO & kR

whi ch of those epnhgeeedRifoders.
5 A preferred embodiment of the invention will now be
described, by way of example only, and its principle of
operation explained in more detail with reference to the

accompanying drawings of which:
Figure 1 is a schematic block diagram of a prior art,
10 two-layer video decoder the output of whiph may be decoded
by the method and apparatus of the present invention;
Figure 2 is a schematic diagram of a decoder according
to the present invention;
Figure 3 is a graph of the S/N ratio improvement of a
15 video segquence obtained by the decoder of Figure 2 compared
to the same decoder operated without the use of
interpolated data to replace missing enhancement data; and
Figures 4a and 4b are copies of photog}aphs showing
the quality of the decoded picture of the same standard
20 video sequence used to obtain the resulEs of Figure 3
suffering 10% cell loss from the enhancement layerxr
without and with, respectively, use of interpolated data.
Referring first to Figure 1, a schematic prior art
video signal coder is shown which provides two—la§er coding
25 of the type to which the method and apparatus of present
invention is applicable and which will now be described
generally to aid understanding of the invention. The coder
structure of Figure 1 is a modification to a coder
implementing the CCITT H. 261 coding scheme. Those parts
30 corresponding to the H. 261 scheme li.e. within the broken
lines.
Pigure 1 shows the steps of coding a video signal.
Separate elements o0f the diagram do not necessarily

represent discrete physical devices carrying out the

35 particular process step.



-4- data shoul d be used to interpolate the enhancenent data m ssing from-
t he enhancenment |ayer of current coded video signal. THgs sl PR AT RQIaddNT

to the present invention has the advantage that it prOV|d
reconstructed 5 picture even with a | arge nunber of blo mmj mlthe
enhancenment | ayer caused by bursts of |ost cekls. The int

enhancenent data could be carried out in the transformdomain on the

previ ously received enhancenent |ayer cells of information when |inear 10
transform coding (eg. DCT coding) is enployed. However this wll | not,
in general, be praoiitabbeings (curerearthanciehent stgded, pa"retmg)fomé\eof a

frames- vary SFﬁﬂgéﬁﬂég’ is coupled to an input 1 and has subtracted from it
a video signal reconstituted from the imhediately previous
coded base videc signal after compensation for any motion
5 vector data which will be coded along with the code for the
current video signal. This reconstituted video signal is
obtained from a frame store 2. The subtraction is
represented by the subtracter 4.
The resulting difference video signal, which is that
10 to be coded for transmission, is transformed by a DCT 6 and
sﬁbsequgntly quantised by a variable gquantizer 3. The
gquantizer 8 is controlled to maintain an output buffer 10 -
(which stores the gquantized data along with other essential
information multiplexed with the gquantized data by
15 multiplexer and VLC 12) with contents within preset upper
and lower limits.

The output from the bugfer 10 constitutes the base
layer output from which a Dbase video signal <can be
reconsti@yted at a decoder in known manner and as will be

20 described with reference to Figure 2.
The base video signal is also reconstituted within the
- H. 261 type coder of Figure-l by-an inéerse gquantizer 12 and
an inverse DCT 14.
The reconstituted base video signal from the inverse
25 DCT 14 for the immediately previous input-video signal is
compared to the current incoming video signal by a motion
estimator 18 which determines the motion vectors
for this current video signal. The reconstituted base
video signal and is also added to the existing contents of
30 frame store 2 as denoted by adder Ll6.

The motion estimator 18 is also coupled to the
multiplexer 12 which incorporates the motion vectors in the
base layer for the video signal being coded and to frame

- store 2 so that the frame store'é_z contents
35 correspond to that obtained by a decoder decbding the base

layer.



bet ween frames and the cells do not carry data related to the sanme | ocation
but aré packed into the available cell 15 space. The inter oIatioE IS,
then, preferably carried out in the picture el ement (peIThl i gplaced
shoul d be understood that the invention in its broadest ai II
restricted to this preferred method. The deco8ler for deco

| ayer nmay have a 20 frame store for storing the i nmedi ately previous
decoded base | ayer (the base video signal or base picture) to be used as a
reference in decoding the follow n%, current, video signal.. A, .
conveni ent nethod ofTRobEALARAGICERe RFHIERA L ENG [?I’uéﬁ%&}s tARGRE BT 280
data necessary f qyidrhel 2nd fHeSeded Pietalons sroud dddee meicrmsttmcted from

di ff b h d. b id i | ' i
or evi ous. decoded Weo: STERAR EoL n; EERRORE alRRSyoq By ot o ng PhG ed Y

i redi at el y previsoustcleomideyl thded asitgmalfrion atbecbodmerams is denoted by
5 subtracter 20 which is shown coupled to the video signal
input 1 and the adder 16. The difference signal is then

quantized by a fine quantizer 22 and output via multiplexer

24 as an enhancement layer at output 25.
In one implementation of encoder the enhancement layer

10 is obtained in the transform domain by subtracting the
output of the inverse gquantizer 12 from the output of DCT
6 and coupling the difference to the fine guantizer and VLC
22.

The base layer is transmitted on a constant bit rate

15 guaranteed channel which ensures a minimum picture quality
is obtained by a receiving decoder. The enhancement layer
may be transmitted on a variable bit rate VBR channel to
improve the received picture guality when received and take
advantage of VBR facilities.

20 A known decoder for decoding the two-layer coded video
signal provided by the coder of Figure 1 is shown
schematically by part of Figure 2 which-as with Figure 1,
shows the process of decoding, individual elements not
necessary corresponding to discrete physical items. The

25 known decoder of Figure 2 éomprises those processes
outwith the dotted boxes. These decoding processes will be
described first. Those elements inside the dotted box of
Figure 2 comprise additional, exemplary, processes for
carrying out the present invention and will described

30 later.

The decoder of Figure 2 outwith the dotted boxes
operates as follows. A received base layer is coupled to
a VLD and demultipliexer 40 via a buffer 42. The output of
the demultiplexer 40 is converted to a video signal by

35 inverse quantizer 44 and inverse DCT 46. This decoded base
layer signal is used to obtain a base video signal in known



store and subsequently obtaining the differences between 30 t hese two
video signals in known nmanner. Alternatively, the immediately previous
decoded enhancenent data itself could be stored in a frame store so as to
be available directly for decoding the current video signal by the nethod
of the present invention. 35 The met ho®@ adopted to detect whether
any enhancenent data is mssing fromthe enhancenent |ayer will depend in
-5- its details on the coding schene used by the video signal coder

Usual Iy, the enhancenent layer will be transmitted in nunbered cells so by

i nspecting the reterned kel #44bRGchEctoneh ¢ dimrticrtalie RER GRS P8R, ViR8P
have been signal stored in a frame store 50 (modified as necessary by
the motion vectors coupled to the frame stbre 50 from the

demultiplexer 40) as indicated by adder 48.

5 A receivea enhancement layer is converted to an
enhancement video signal by VLD and demultiplexer 52,
inverse quantizer 54, and inverse DCT 56. The output of the
inverse DCT 56 is added (i.e. combined), as indicated by
adder 52 (constituting combining means ), to the base video

10 signal to provide an enhanced video _signal at the output 58
of the decoder. _

If cells of enhancement data are lost from the
enhancement layer because of bit rate limitations imposed
by the VBR channel on which the enhancement data is

15 transmitted, then those portions of the final video signal
will simply be the base, i.e. unenhanced, video signal.

The decoder of the present invention shown in the
entire Figure 2 can provide some concealment of the lost
cells as follows by the use of an interpolating means shown

20 in the dotted boxes of Figure 2. )

The immediately previous v;deo signal output by the
decoder of Figure 2 is stored_in a Second frame store 60
from which is subtracted, as indicated by a subtracter
62, the base video signal reconstituted from the current
25 base layer. This differeﬁce video signal is displaced by

a displacer 64 according to the current motion vectors

coupled to the displacer 64 from the demultiplexer 40.

The incoming enhancement layericells are monitored by
a cell loss detector 66 (constituting cell loss detection

30 means). If cell loss is detected enhancement data from the
displaced, immediately previous enhancement layer stored in

the displacer 64 is switched to the adder 52 by switch 68

under the control of the cell loss detector 66 so that this

data interpolates for the enhancement data lost from the

35 current enhancement layer,



5 | ost,. When one or nore cells are found to be missing, the data that
may have been | ost can be determned fromthe information of the intact
cells bounding the mssing cell or cells. This data is then interpolated
using the notion vectors and the enhancenent data fromthe i mediately 10
previ ous coded video signal. - Acconging to a further aspect of the

I nvention, a decoder for inplenenting the nmethod according to the first
aspect of the invention as recited in the preanble of claim5 is
characterised in including a cell-loss detection nmeans 15 for detecting
whet her any enltaecer2nt ldatsa detgvtandt BE foperates enpanaspestihayehe

I nt er pol ati Lding d nterpolation da comprising_the
enhangene%{agga?gea%q?er{ﬁée g{r:lr%%éfg%lt gﬂfy tf)}r%ev|“"'(r)1f1:§’mrlglgeié\/rg'l ,mlére‘(;m R V|g8§8rsi gnal
nodi fied Falagcor damcetvis hembodimendn yectier spaftt i cbhheeMln 204

received Bapgikapebxe@Nd2M5a0S d YUndviP!AHNA A TS $kNGor clarity.
5 Figure 3 shows the relative improvement in signal-to-

noise ratio (S/N) using the cell concealment method of the

present invention. The non-processed picture with a 10 per
cent cell loss has an average S/N of 39 dB. The almost
constant S/N is due to the variable bit rate coding of the
10 second layer, which codes pictures at a constant
quantization step size of 8 {dynamic range of original
coefficients -2048 to 2047) in this embodiment of decoder.
Finer quantization gives a better picture at the expense of

more data in the base layer.

15 Since the second layer data carry residual
quantization noise of the base layer, their contribution to
the measured value of S/N seems to be marginal. This is

because the base layer S/N itself is relati&ely high. It

has an average of almost 34 dB, which is variable due to
20 the variation in the quantization step si;es. It should

also be noted that not all the second layer cells carry

large amplitude quantization distortions so their

loss does not contribute a large value to S/N. However,

their effect on the subjective quality of the pictures is
25 much more pronounced.

Figures 4a and 4b shows a part of picture in a
sequence without and with cell concealment, respectively.
Improvements to the tie and the left hand of the portrait
obtained by the method and apparatus of the prevent

30 invention can be seen in Figure 4b. The enhancement on the
picture quality becomes more distinct when the processing

is applied to an isolatred blurred area of the picture.



enhancenent: data with interpol ated data. The interpol ati ng neans nmay
includé a first frane store for storing a first base video signal which is

a reconstruction fromthe base |ayer of the inmediately 25 ,_revious

coded video signal, a second franme store for storing the i en Replaced
previ ous decoded vi deo signal, differencing rearrs for-obtaini ,ull
enhancenent data by subtracting the first frame fromthe seco

di spl acenent neans for displacing the enhancenent data in 30 accor dance
with the received notion vectors. Alternatgﬁggéifthe | ast decoded ‘

enhancenent data may be stored in a frane

| ater use by the

i nterpol ating nmeans. When there is no cell |oss the decoder functions as 35

previously known
cells,
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series of two-layer coded video signals each of which
includes a base—layer of coded base data and coded motion
vector data, and an enhancement layer of coded enhancement
data being the differences between the uncoded video signal
and a reconstruction of the base layer, the method

including the steps of:

a) decoding the base layer to obtain a base video
signal; _
b)  decoding the. enhancement layer to obtain

enhancement data; and

c) combining the base video signal and the
enhancement data to obtain a decoded video signal;
and characterised in that the method further includes the

steps of:

4a) detecting whether any enhancement data is missing
from the enhancement layer; and, in such a case

e) ~ interpolating the missing enhancement data from
the enhancement data of the immediately previously received
coded video signal and the motion vectors of the currently
received base layer.
2. A method as claimed in <claim 1 in which the
enhancement data of the .immediately previous received,
coded video signal are obtained by determining the
differences between the immediately previous decoded video
signal and a reference base video siénal reconstructed from
the-base layer-of the immediately previous received, coded
video signal.
3. A method as claimed in claim 2 in which the decoded
video signal is stored in a frame store (60).
4. A method as claimed in any preceding claim in which
the detection of whether any enhancement data are missing
from the enhancement layer is carried out by inspecting the

AR R R 11

reteived enhancement layer.



-6- of thednformation in the mssing cells to reconstruct the video signal
thereby increasing the resolution of the picture generated by it in

conparison to the prior art two-layer decoders. A preferﬁ@?ﬁ?ﬂ%@ggm laced

the invention will now be described, by way of 5 exanple

princi ple of operation explained in nore det did with ref eﬁ Mhﬁ@'ﬂ
acconpanyi ng drawi ngs of which: Figure 1 is a schematic Dbl f a
prior art, two-layer video coder the output of which nay be decoded by the
met hod and apparatus of th sent. invention; 1 Fi qur.e is_ a
schematic di agra?nst'of %de%% %‘?ggc?c?fdi&negc?c{ol?%eap%@s’fé‘ﬁf’tllﬁ'velh |ed'r?’;e%Fi ﬁ?eof
is a graph of thee3ies abifo twpribyeeenicodieda video sdgueice each of which

includes a base layer of coded base data and coded motion

vector data, and an enhancement layer of coded ehhancement

5 .data being the differences between the uncecded video signal

and a reconstruction of the immediately previous base video
signal, the decoder including:

a) a first decoding means (40, 44, 46, 48, 50) for

decoding the base layer to obtain a base video signal;

10 b) a second decoding means (52, 54, 56) for decoding
the enhancement layer to obtain enhancement data;
c) combining means {(52) for combining the base video

signal and the enhancement data to obtain a decoded video
signal: and characterised in that it inciudes

15 d) a cell-loss detection means (66) for detecting
whether any enhancement data is missing from the
enhancement layer;

e) interpolating means (50, 60, -62, 64} for
providing interpolation data comprising the enhancement

20 data of the immediately previous received, coded video
signal modified in accordance with the motion Jectors of
the currently received base layer; and

£} means (52, 68) for replacing any missing
enhancement data with interpolated data. -

25 6. A decoder as claimed in claim 5 in which the
interpolating means includes a first frame store (50) for
storing a reference base video signal which is a
reconstruction £from the base layer of the immediately
previous received coded video signal, a second frame store

30 (60) for storing a second frame which is the immediately
previous decoded video signal, differencing means (62) for
obtaining the enhancement data by subtracting the reference
base video signal from the immediately previous decoded
video signal, and displacement means {64) for displacing

35 the immediately previous enhancement data in accordance

e

with the received motion vectors.



obt ai ned” by the decoder of Figure 2 conpared to the sane decoder operated
wi t hout” the use of interpolated data to replace m ssing enhancenent dat a;

and 15 Figures 4a and 4b are copi es of photographs show ng the
quality of the decoded picture of the sanme standard video sequence used to
obtain the results of Figure 3 suffering 10%icgeld |oss fromthe enhancenent

| ayer . without and with, respectively, use of interpolated data. Referring
first to Figure 1, a schematic prior art video signal coder is shown 20
whi ch provi des two-|ayer coding of the type to mhlch the met hod and

apparatus of present invention i< tL1 now be
descri bed generally to aid understandlng of the |nvent|on The coder
structure of Figure 1 is a nDdlflcatlon to a coder | -Ienentlno the CCITT

H. 261 coding schene. THeSehal s £orad e a an 6
wi thin the broken lines. Figure 1 shows the steps of codlng a

vi deo signal. Separate e nt s _of he i,agram.d necessa resent
di screte physical devic88°C tRg ﬁFo he p&PPFguVé eBrﬁtgﬁg éamp hS1ng

i ncom ng (current) basdebagegnahd bei pghaneeakna $eyees;ncsudesphedetm Bbss
5 detector (66) for detecting when cells are missing from the
enhancement layer, In such an event the enhancement data

from the immediately previous video signal displaced by
displacer (64) according to the current motion vectors
provides interpolation data for the missing cells. The
10 interpolation data is added to the decoded base layer as
indicated by adder {(52). The enhancement data is obtained
by subtracting the immediately previous base video signal
stored in frame store (50) from the immediately previous
decoded video signal stored in frame store (60) as

15 indicated by subtracter (62).



i nput 1-and has subtracted fromit la y&égp signal reconstituted fromthe

I mredi ately 30 previous coded basée wi signal after conpensation for any
notion vector which will be coded along with the code for the current video
signal. This reconstituted video signal is obtained froma frane store 2.
The subtraction is represented by the subtractor 4. This is the replacenent
sheet -7 - The resulting difference video signal, which is that to be
coded for transmission, is transformed by a DCT 6 and subsequently

guanti zed by a variable quantizer 8. The quantizer 8 Ls controlled t.o

mai ntai n an out put buf fhor 10 fphick stores the {Quantized d¢fPa al ong with

ot her essenti al }i nfor I on | ti piexed with t?e 5 quantized data by
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The out put. fromthe buffer 10 constltﬁéé ;?h
a base video signal can be reconstitut

e base |l ayer output from which

a decoder in known manner and
as will be dggﬂrlbed with reference to Figure 2

signal is al f econstituted within the H 261 typ

quanti zer 14 added to the existing contents of
by adder 16. p reconstituted base video signal
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by subtraotlng the latter fromthe forneL as |s denoted by subtractor 20
|nput 1 and the adder 16. Th
difference signal is 25 then quantized by a fine quantizer 22 and out put
via nultiplexer 24 as an enhancenent |ayer at output 25. In one

| ayer_is obtained ipn the

whi ch.is shown coupled to the video si gndl

I mpl enent ati on of encoder the enhancenent

e

t ransf orm donai n 'b subtracting the output of the inverse quantizer 12 {from
the output of DCT 6 and coupling the differghces to the fine quantizer [and
VLC 22. 30 The base layer is transnifited on a constant bit rate
guar ant eed channel }whi ch ensures a m ni mum pil¢t ure quallty;ls obtalned by a
receiving co . The enhance | ayer ransmtted f bi t
rate VBR champel tp i [ ‘ and
t ake advant age of t he
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e
the coder of Figure 1 is shown schematically by part of Figure 2 which as
with Fi.gure 1, shows the process of decoding individual elenents not

necessarily corresponding to discrete physical i
Figure 2 conprises those 5 processes outwith the

decodi ng processes will be described fir

dotted box of Figure 2 conprise additiod;(B
carrying out the present invention and wl|
of Figure 2 outwith the dotted boxes operates as

i tiens REPEH@EMENWSQEE%’GT §i
det I)@Qr 9251?5

st . elggi F;};ﬁﬁg fs ..... aged
exen gag %% .....
© S%ﬁ A 1888l eBage """

base |l ayer is coupled to a VLD and demul ti pl exer 40 via a buffer 42 Thg
out put of the demultiplexer 40 is converted to a vieEE QH}
guanti zer 44 and inverse DCT 46. This decoded base | ayer signal is used to

obtain a base video signal in knownFLS Thj

CHIPT|. no: o
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-9- manner by adding it to the imredi ately previous base video signal
stored-in a franme store 50 (nodified as necessary by the notion vectors
coupled to the frame store 50 fromthe demultiplexer 40) as indicated by
adder 48. 5 A received enhancenent |layer is converted to an
enhancenent video signal by VLD and denul tipl exer 52, inverse quantizer 54,
and i nverse DCT 56. The ouZdut of the inver?ﬁDCT 56 is added (i.

conbi ned), as indicated byegdder 52 (consti i ng conbi ni ng ma%: , to the
base video 10 signal toprlovi de an enhanced video signal at ’(sa out put 58
of the decoder. If cells Sqf enhancement data are lost ff@m the

enhancenent | ayer because Lgf bit rate limtations inposed by t@ VBR
channel on which the enharfgenent data is
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15'”$transnitted,'then t hose portions of the final video signal will sinply

be the base, i.e. unenhanced, video signal. The decoder of the present
i nvention shown in the entire Figure 2 can provi de sone conceal nent of “t he
|l ost cells as follows by the use of an interpolating nmeans shown 20 in

the dotted boxes of Figure 2. The imredi ately previous video signal output
by the decoder of Figure 2 is stored i@@b.second frame store 60 from which
is subtracted, as indicated by a subtract 62, =t he base video signal
reconstituted fromthe current 25 base ggl. This difference video
signal is displaced by a displacer 64 accor g to the current notion
vectors coupled to the displacer 64 fromthe denultiplexer 40. The incom ng
enhancenment layer geglls are nonitored by a cell loss detector 66
(constituting cell Iloss detection 30 nmeans) If cell loss is detected

enhancenent data frgmthe

—)

7

gUU el

SNR DIFFERENCE (dB)

—o— SNR DIFFERENCE

L 8 12 1 N 2% 28 32 36 40 44 48 52 56
FRAME NUMBER

Fig 4(a)




Heazi-4 LS

di s'pl aéed i mredi ately previous enhancenent | ayef stﬁfﬁqq(bm(rﬂg? q’é,,";’% el
%

64 is switched to the adder 52 by switch 68 under m,& ,{n ceII
| oss detector 66 so that this data interpolates qg R ZE
lost fromthe 35 current enhancenent |ayer. o ,W]%ﬂ

detector 66 operates by inspecting the cely_ seque gepp n]q pa\g hem paged .....
I ncom ng enhancenent | ayer cells. In this enbogl mentJ §‘i§ T 6? PagRd .....
VLD and denul tipl exer 52 but is shown separate firomit for cI arity

Figure 3 shows the relative inprovement in signal-%ais rf'éFs?éE@EiﬁTo {’JSI“N)

using the cell conceal mrent nmethod of the present invention. The

non- processed pi ct ur METHOBD ANDOAPRARATUS FOR DECODING VIDEO SIGNALS

This invention relates to a method of and apparatus for decoding a currently
received one of a series of two-layer coded signals each of which includes a base
5 layer of coded base data and coded motion vector data, and an enhancement layer of
coded enhancement data being the differences between the uncoded video signal and
a reconstruction of the immediately previous base video signal from the base layer.
in this application the phrase video signals refers to a digital representation of
a video source.

10 This so called two-layer coding of video signals was devised for use on ATM
networks which may suffer cell loss causing large disruption in the transported data
streams on variable bit rate (VBR) channels.

An example of a two-layer coding scheme is disclosed in US patent number
4,933,762 in which transmission is via a main path and an auxiliary path of a variable

15 rate digital transmission network. When the main path is not capable of dispatching
the totality of the picture information, auxiliary information is dispatched via the
auxiliary path.

A drawback of conditional replenishment systems where only the significant
differences between successive video signals {or frames)} are coded and transmitted

20 when more efficient interframe coders are used is that transmission errors are not
confined to a single decoded frame but propagate into later frames.

Masahiro Wada in an article titled "Selective Recovery of Video Packet Loss
Using Error Concealment”, IEEE Journal on Selected Areas in Communications, Vol. 7
(1989) June no. 5, New York US describes an error concealment method for a single

25 channel (i.e. one layer) transmission scheme over a VBR channel. When a decoder
detects a video packet loss, picture quality is partially recovered by motion-
compensated error concealment in which blocks from the previously received video
frame are shifted by the average motion vectors of the blocks which neighbour those
used for concealment. This method may prove adequate for one or two missing

30 blocks but may cause a greater disturbance for a larger group of missing blocks.
Experiments by the Applicant have shown that és many as four bliocks can be fitted

into a cell, or packet, and when cell loss occurs on an ATM network, it usually
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cent cell loss has an average S/ N of 39 dB. The al nost constant SINis
due to the variable bit rate coding of the 10 second | ayer, whi ch
codes pictures at a constant quantization step size of 8 (dynam c range
of original coefficients -2048 to 2047) in this enbodi nent of decoder.

Fi ner quantization gives a better picture at the expense of nore data in

t he base layer. 15 Si nce t he s@cond | ayer dat a carry
resi dual quantization noise of the base |ayer, their contribution to the
measured val ue of S/ N seens to be marginal. This is because the base

layer SINitself is relatively high. It has an average of al nost 34 dB,

hi ch 1 VARRAILE 1Byl 32 colt1Selib Hdfibeh okl UMY H3LLAR, Sh oGS 65

It should a € no e ¥ Pat fhe $econ ayer erls C
anpl i t ude qudsdingbfiockst di stortions so their | oss does not contri bute a

large value to S/ B‘i’eferam\,’\%\\/ee Lése layer carries data for a base mode picture together with
vital information such as synchronisation data and should, therefore, be transmitted
5 at a constant bit rate on a "guaranteed™ constant bit rate channel.

The enhancement layer coding the differences between the video signal being
coded and a video frame reconstructed from the base layer alone {which will also be
referred to as "enhancement data"), brings the base mode picture up to the final
required quality. The enhancement layer will, in general, have a fluctuating bit rate

10 and can be transmitted via a VBR channel. Should any of this information be lost it
will not affect tracking of the reconstructed frames but will only result in a
momentary reversion to base mode quality. The occasional loss of resolution is
compensated by obtaining the benefits of VBR transmission, for example, cost
efficient use of the network channels.

15 Such coded video signals can be decoded by decoding the base layer to
obtain a base video signal, decoding the enhancement layer to obtain enhancement
data, and combining the base video signal and the enhancement data to obtain the
final decoded video sighal.

This two-layer coding scheme has been verified by computer simulation on a

20 two-layer adaption of the CCITT
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their effect on the subjective quality-of the pictures is 25 much nore
pronounced. Figures 4a and 4b shows a part of picture in a sequence w thout
and with cell conceal nent, respectively. Inprovenents to the tie and the

| eft hand of the portrait obtained by the nethod and apparatus of the

prevent 30 I nvention can be seen in Frdﬁfe 4b. The enhancenent on the
pi.cture quality beconmes nore distinct when the processing is applied to an
i solated blurred area of the picture. CLAI M5 1. A et hod of decoding

a currently received one of a series of two-layer coded video signals, each
t wo- | ayer cefdeke \Ahﬁﬁmaﬁb@ﬁal th@ht&iﬂ@g:eﬁs bxas eedonyBtctOthe Oddsb gl Thekba

and coded Mo aing the Tesolutian of the picture deneratad by Mt in comparioen o The aftor o
two-layer decoders.

A preferred embodiment of the invention will now be described, by way of

5 example only, and its principle of operation explained in more detail with reference to
the accompanying drawings of which: _

Figure 1 is a schematic block diagram of a prior art, two-layer video coder the
output of which may be decoded by the method and apparatus of the present
invention;

10 Figure 2 is a schematic diagram of decoder according to the present
invention; '

Figure 3 is a graph of the S/N ratio improvement of a video sequence
obtained by the decoder of Figure 2 compared to the same decoder operated without
the use of interpolated data to replace missing enhancement data; and

15 Figures 4a and 4b are copies of photographs showing the quality of the
decoded picture of the same standard video sequence used to obtain the results of
Figure 3 suffering 10% cell loss from the enhancement layer without and with,
respectively, use of interpolated data.

Referring first to Figure 1, a schematic prior art video signal coder is shown

20 which provides two-layer coding of the type to which the method and apparatus of
present invention is applicable and which will now be described generally to aid
understanding of the invention. The coder structure of Figure 1 is a modification to a
coder implementing the CCITT H.261 coding scheme. Those parts corresponding to
the H.261 scheme lie within the broken lines.

25 Figure 1 shows the steps of coding a video signal. Separate elements of the
diagram do not necessarily represent discrete physical devices carrying out the
particular process step.

An incoming {current) video signal, being one of a series, is coupled to an
input 1 and has subtracted from it a video signal reconstituted from the immediately

30 previous coded base video signal after compensation for any motion vector which will
be coded along with the code for the current video signal. This reconstituted video
signal is obtained from a frame store 2. The subtraction is represented by the

subtractor 4.
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data being the differences between the-uncoded video signal and a
reconstruction of the imedi ately previous base | ayer, the nethod incl uding
the steps of: a) decoding the base |ayer to obtain a base video signal; b)
decodi ng the enhancenent |ayer to obtain enhancenent data; and 10 c)
conbi ni ng the base video signal and the edhancenent data to obtain a
decoded vi deo signal; and characterised in that the nethod further includes
the steps of: d) detecting whether any enhancenent data is mssing from
the enhancement |ayer; and, in such a case 15 i nterpol ating the

mi'ssing enhancenmgqt, q&r‘,ﬂg,gbm,f?gﬁé tsh&-.a?“%figﬁmémthﬂag@ Bl &&f‘eﬁ for

i medi atel y previously receive V|deo si'gnal i n accor dance
moti on vect drapsmissidne is uranefwwnyd ryceiDEH Ghasd subsemuently quantizednioy raodarm)le

o2 o0 Sl £ A, SRR STl AR R A

di f f er ences sbharesvelen quaetiredadata aﬂceigywnh @vher S s el (e arnvatibmomaitiplexled atith she

Irfr:;galegf 25 Satsig'&\% gegata t?yn multlpel\gferllsa;[nrdugli.sd1 ';)r\(r)vit tcpoenter%gew!t pre(s)Lt Lgper and
lower limits.

The output from the buffer 10 constitutes the base layer output from which
a base video signal can be reconstituted at a decoder in known manner and as will be
described with reference to Figure 2.

10 The base video signal is also reconstituted within the H.261 type coder of
Figure 1 by an inverse quantizer 12 and an inverse DCT 14.

The output from the inverse quantizer 14 is added to the existing contents of
frame store 2 as denoted by adder 16. The reconstituted base video signal from the
adder 16 for the immediately previous input video signal is compared to the current

15 incoming video signal by a motion estimator 18 which determines the motion vectors
for this current video signal.

The motion estimator 18 is also coupled to the multiplexer. 17 which
incorporates the motion vectors in the base layer for the video signal being coded
and to frame store 2 so that the frame store's 2 contents correspond to that obtained

20 by a decoder decoding the base layer.

The differences between the current incoming video signal and the video
signal as would be reconstructed from the immediately previous base layer is derived
by subtracting the latter from the former as is denoted by subtractor 20 which is
shown coupled to the video signal input 1 and the adder 16. The difference signal is

25 then quantized by a fine quantizer 22 and output via multiplexer 24 as an
enhancement layer at output 25.

In one implementation of encoder the enhancement layer is obtained in the
transform domain by subtracting the output of the inverse quantizer 12 from the
output of DCT 6 and coupling the differences to the fine quantizer and VLC 22.

30 The base layer is transmitted on a constant bit rate guaranteed channel
which ensures a minimum picture quality is obtained by a receiving coder. The
enhancement [ayer may be transmitted on a variable bit rate VBR channel to improve

the received picture quality when received and take advantage of VBR facilities.
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recei ved, coded video signal. 3. A nmethod as claimed in Cdaim2 in

whi ch the decoded video signal is stored in a franme store (60). 25 4.

A nmethod as claimed in any preceding claimi-n which the detection of

whet her any enhancenent data are m ssing fromthe enhancenent |ayer is
carried out by inspecting the received enhancenent |ayer. 5. A decoder
for decoding a currently received one of g _series of two-layer coded video
signals, each two-layer coded video signal including a base |ayer of 30
coded base data and coded notion vector data and an enhancenent | ayer of
coded enhancenent data being the differences between the uncoded vi deo
signal and reconstruction of the imediately previous base video |ayer, the
decoder i ncl udi ng® known degoderyfor degoding $he dwedanan poded yidepssignal provided by

50) for decdididef BEFiBERET iPMffwn schematically by part of Figure 2 which as with Figure
1, shows the process of decoding individual elements not necessarily corresponding
to discrete physical items. The known decoder of Figure 2 comprises those

5 processes outwith the dotted boxes. These decoding processes will be described
first. Those elements inside the dotted box of Figure 2 comprise additional,
exemplary, processes for carrying out the present invention and will be described
later,

The decoder of Figure 2 outwith the dotted boxes operates as follows. A

10 received base layer is coupled to a VLD and demultiplexer 40 via a buffer 42. The
output of the demuitiplexer 40 is converted to a video signal by inverse quantizer 44

and inverse DCT 46. This decoded base layer signal is used to obtain a base video

signal in known

15
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to obtain a base video signal; b) a second decodi ng nmeans (52, .54, 56)
for decoding the enhancenent | ayer to obtain enhancenent data; 5 C)
conbi ni ng neans (52) for conbining the base video signal and the
enhancenent data to obtain a decoded video signal: characterised in that

t he decoder includes d) a detection neanms-(66) for detecting whether any
enhancenent data is mssing fromthe enhancenent |ayer; 10 e)

i nterpolating nmeans (50, 60, 62, 64) for providing interpolation data
conprising the enhancenent data of the imedi ately previous received coded

virdeo signal nodified in accordance wt notion vectors of the
currently received base | ayer; and f) (52, 68) or replacing any
m ssi ng enhancenent data with 15 interpol ated data. 6. A decoder as

claimed in laim5 in which the interpolating nmeans includes a first frane
store (50) tor stdmmethod ot deeadinga cyaertly fegetyedioprAr auffrien of dwe-layer coded

video signals, each two-layer coded video signal including a base layer of coded base
5 data and coded motion vector data and an enhancement later of coded enhancement
data being the differences between the uncoded video signal and a reconstruction of
the immediately previous base layer, the method including the steps of:
a) decoding the base layer to obtain a base video signal;
b) decoding the enhancement layer to obtain enhancement data; and

10 c) combining the base video signal and the enhancement data to obtain a
decoded video signal;
and characterised in that the method further includes the steps of:

d} detecting whether any enhancement data is missing from the
enhancement layer; and, in such a case

15 e) interpolating the missing enhancement data by modifying the
enhancement data of the immediately previously received coded video signal in
accordance with the motion vectors of the currently received base layer.

2. A method as claimed in Claim 1 in which the enhancement data of the
immediatély previously received coded video signal are obtain by determining the

20 differences between the immediately previous decoded video signal and a reference
base video signal reconstructed from the base layer of the immediately previous
received, coded video signal.

3. A method as claimed in Claim 2 in which the decoded video signal is stored
in a frame store {60).

25 4. A method as claimed in any preceding claim in which the detection of
whether any enhancement data are missing from the enhancement layer is carried out
by inspecting the received enhancement layer.

5. A decoder for decoding a currently received one of a series of two-layer
coded video signals, each two-layer coded video signal including a base layer of

30 coded base data and coded motion vector data and an enhancement layer of coded
enhancement data being the differences between the uncoded video signal and

reconstruction of the immediately previous base video layer, the decoder including:

| ||||||J mllj “ll' llllsl I ml This is the replacement shest
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reconstruction fromthe base |layer of the i mediately previous received
coded video signal, a second frane store (60) for storing a second frane
which is the 20 imredi ately previous decoded video signal, differencing
means (62) for obtaining the enhancenent data by subtracting the reference
base video signal fromthe i medi ately previous decode video signal, and
di.spl acenent neans (64) for displacing-tlBe-i medi ately previous enhancenent
data in accordance with the received notion vectors. 25

a) a first decoding means {40, 44, 46, 48, 50} for decoding the base layer
to obtain a base video signal;

b) a second decoding means (52, 54, 56) for decoding the enhancement
layer to obtain enhancement data;

5 c) combining means {52} for combining the base video signal and the
enhancement data to obtain a decoded video signal: characterised in that the decoder
includes

d}  a detection means {66) for detecting whether any enhancement data is
missing from the enhancement layer;

10 e) interpolating means {50, 60, 62, 64) for providing interpolation data
comprising the enhancement data of the immediately previous received coded video
signal modified in accordance with the motion vectors of the currently received base
layer; and

) means {52, 68) or replacing any missing enhancement data with
15 interpolated data.
6. A decoder as claimed in Claim 5 in which the interpolating means includes a
first frame store {50} for storing a reference base video signal which is a
reconstruction from the base layer of the immediately previous received coded video
signal, a second frame store (60) for storing a second frame which is the

20 immediately previous decoded video signal, differencing means (62) for obtaining the
enhancement data by subtracting the reference base video signal from the
immediately previous decode video signal, and displacement means (64) for displacing
the immediately previous enhancement data in accordance with the received maotion
vectors.

25
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