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to detecting errors in

The present invention reiates
signais representing v:deo -maces.
_ nroadcasting and storage of full
bandwidth <1deo signals, --naterest has also developed :in
reducing the zandwidth requirement for the

Transmission or storage of a viZeo signal. These techniques

t“schnigues Zor

facilitate, amongst other things, two-way transmission of

7ideo signals, leading to the development of affordable video

conferencing facilities and video telephones.
A problem with compressing video data for transmission

over limited bandwidth transmission paths, is that the data

hecomes more susceptible to %he presence of transmission

2rrors. The nature of the transmission path will be such
that errors usually cannot ke prevented and in order to
improve the overall result of transmitted images, it would be

identify the presence of errors, and their

oreferable to
where possible, take

~ocations within the video 1mage and,

actron to conceal these errors.
One method for detecting arrors comprises including an

arror correct:ion code as an cverhead. Cyclic redundancy

rodes are widely used for error detection at the expense of

= small overhead in the transmitted signal.

if the error correction code is corrupted during

-ransmission, =zhis is detectad at a receiver and the

sorrupted data replaced. Zfor -astance as described in US

patent no. 5150210.
The present invention seeks to provide an improved

method and apparatus for detect:ng the presence of errors in

2 video signal.
According to a fizst aspect of
zhere is provided a method of etecting an error i1n a signal

the present invention,

sepresenting a wideo 1made, <omMIPrising:

cecerving Ddlocks Jf <Zrequency related coefficients

sepresenting -espective blocks 12 the video image; and
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¢ the statistical Zfiscribution of said coeffi

nts within z Slock =o <etscz =he presence of corrupted-

ambcdrment, said analysing step

varrance of said coefficients in a
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-avolves calculating "Te

-do

alock. Varsance -.s cdecermined zv calculating the difference

netween actual coefficient valies and the mean vaLue, formin
zhe square of said differe-~ce znd summing said squares, 1i.e.

J
' g=) ‘x.-X)?
=1 -

where o = wvariance _
x. = value of the ith ccefficient
mean value of all the coefficents within a block

A
|

number of coefficients in a block
The var:iance may_be compared against a predetermined

“
n

reshold and an error :identified iI the variance is greater

than said threshold. Alternatively or additionally, =he

values Zor the biocks of a frame may be stored and

varrance
a block under -onsideration may be compared

—he variance for

with the variance of the blbock in a previous frame that is

"similarly positioned and/or for the surrounding blocks of the

previous frame. 3 mean varicice value may be calculated for

~he blocks of the previous frame and an error detected if the

-;arzance value under considerat:ion :s significantly larger or

significantly smaller than the nean value for the previous

Zrame.
If cthe transmission cocrag scheme employs {requency

~elated coerfic:ants which represent the actual values of the

within 2 Block., Zor =:xample zhe video signal s

sixels hin =
coefficients only, the

atratframe ceded using 2CT
mathematical distribution of the transmitted coefficients may
the coding scheme employed

coefficients

e directly analysed. However
might not result ian Zrequency related
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representing the actual value of -he pixels. For instance,
s

ents the difference between

th

the transmit=tz2d signal repre

-

current Irame and an eariier frame, <the actual pixel

zhe
valuves, 2and =zence <the nathematical distribution of <zhe
resulting frequency coefficients, cannot be obtained without

rst decompressing the recerved signal to produce the actual

dividing the signal into blocks and

pixel <values, and then

transforming the signal iato the frequency domain to produce

the £r auency reiated coefficients.
In a preferred embodiment, action is taken to conceal

a bhlock if an error is identified. This may involve the

substitution of the detected block by a similarly positioned

block in a previous frame or its motion compensated block.

Alternatively, 2a new motion vector may be calculated by

averaging motion vectors for the similarly positioned block
and surrounding blocks from a previous frame to produce a

motion vector relating tTo a block in the previous frame with

which the current block is to be replaced.

The invention will now be described by way of example

with reference to the accompanying drawings, of which:

Figure ! shows a system for transmitting and receiving
for detecting and

oniv,

sompressed video data, rncluding a circuit
soncealing errers;
_ Figure Z shows how an image is made up from a plural-
~ty of blocks;
Figure I shows a Iirst embodiment of a circuit for

concealing errors Zor use in a system as shown
0 Figure 1, including a processing unit;

Figure 4 details the operat:zon of the processing unit
i1n Figure I, for detecting the presence of an error;
Figqure 3 Zetails the operations of the processing uni
shown -2 Tigure :. Zor conceal:ing an error.

shows a system :ncluding a second embodiment
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£ apparatus ZIc¢r detecting and concealing errors:;
Tigure ~ shows in greater detail the apparatus shown

-2 Tigure 6 Zor Zdetecting and concealing errors.
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A system Zor transmitting compressed video data over
a transmission zath !5 Zrom a transmitting station i6 to a

recexrving staticn 7 1s shown -n Figure . A conventional

zenerated by & video sourc=2 18, which may be

71deo signal =

a video camerz, 3 video tape gsiayer or similar squipment.

~imited bandwidth, thererors

w

The transmiss:icn 2ath I has

video data is :compressed so 3s To be retained within the

available bancéwidth. The <ransmission path may be a

~elephone line, = dedicated dig:tal iink, a radio link or any

other known means of providing a communication channel. 3y

convention, the compressed video signal is in non-interlaced

form, with each video frame having 288 lines with 352 picture
elements on each line. In non-compressed form, each picture
element has a Zuminance value represented by eight bits_ of
data, with a sZaller number of bits allocated to represent

sach colour difisrence signal.
Thke video data generated by the video source (8 is

-—ta

compressed by =z compression circuit 19 which may, £or

sxample, compress the video data in accordance with the CCITT

1. 251 compress:icn recommendaticon zlthough the invention is
not limited to this form of compression. According to the

3. 261 recommencat:ion, the video signal to be compressed is

divided into zcrtions representing blocks of pixels of the

video i1mage. Zach block is. transformed into the £frequency
domain by a dJiscrete cosine transform (DCT) and the
coefficients ars -transmitted. The blocks may be compressed

without reference to any other bdlock or frame (intra frame

coding) or with rerference to another block or frame, in which

s -

case the DCT ccefficients represent the differences between

~he compared blzscks. The original video data includes eight

Zor each picture element location and the

LS RSpay —

Sits luminance

X consists o2 an 3 x § arrzy of picture elements. An
array of coerZicients s simiiarly proportioned but the

olutzon s such that a mizimum of twelve »bits may De

for = particular coefficient, plus a sign Dbit.

-

Jompression is achieved because many of the coefficients will

=ave values <2 zero and mayv, therefore, effectively be
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tgnored. An outdut circuit 20 amplifies and, where required,

the ccmpressed 7i1deo signal, thereby placing it in
for transmissicn over the transmission path

-

dulates

focrm suitable

]

- -
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attenuation suffered -y

the transmittad signal wirll be Irequency dependent, therefore
% at the .2ceiving station provides

an equalisation cirzcuit I h
is then de-modulated (if

compensation. The recei- 3+ signal

required Dby means not sno..n and amplified by an amplifying

cxrcuit 23.
De-compression is ©performed »by a
reverse process to the

de-compression

circuit 27, arranged to perform the
coméiession provided by the compression circuit 19. Any
znto the signal, due to noise on the
result in corruption of the

errors introduced

transmission channel 15, may

data. This would result in the corrupted data being visible

on a display device 28. Thus, the overall integrity of the
displayed image would be improved if the corrupted data could
be detected and concealed in some way.

To provide such a detection and concealing process,
the system includes an error detecting and concealing circuit
29, arranged to identifv a block of corrupted data and to
conceal <this 2»lock of corrupted data by selecting an
equivalent block from a previously transmitted frame.

A conventional video frame 31, as shown in Figure 2,
sonsists of 288 lines with 52 elements on each line. As
par: of the H. 241 compression crocedure, the frame is divided
into 1584 blocks, with sixty Zour picture elements, in the
of an 8 x 3 matrix, within each block.

A luminance block 32 is shown in Figure 2 and this,

combinaton with its three adjacent blocks, provides a macro

Zorm
in

-~

2ilock 32. The macro zlock I3 -s shown enlarged, with block

I4 displavaing 2 Zull matrix oI picture elements 35. In

aéditzon, a Zull colour sicture aiso requires the trans-

mrssion of two colour difference blocks per luminance block.
The error detecting and concealing circuit 29 is
Figure 3, ia which decompressed video data from

’ -

ietailed in
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ircuit 27 is received at an input port 41l

:he.decompre551cn i
znd grocessed +ided data Zor éisplay on the display device 238

applied =0 2n output port +Z. The circuit 29 includes a

e +3 and a2 szs2cond image store 44, =ach
a

'U

S

X

Zirst i1mage sTCoI
capable of toring wv1deo Zrame. A w7ideo wr:ite
controlier 45 controls the writoag of video data to the
stores, such that, a first frame rs-written to image store 43

written =o store 44, while the first

image

and a second Zframe is

frame is being -ead from the Zirst image store 43 under the

video rzad controiler d6. After a £full video
frame has been written to the second image store 44, the next

video frame is written to -the first image store 43,

overwriting the previously written frame and an output signal

Zor port 42 is §er1ved—by reading the image from store 44.
While data is being wE;t:en to one of the image stores

i3 or 44, said data is also processed to deggct-the presence

of errors. When an error is detected, blocks of data in the

:mage stores 43 and 44 may be overwritten, under the control

of a block overwrite controller 47. In order to identify the

;reéence of errcrs, the input image data from port 41 is also

supplied to a ctransform unit 48, arranged to transform the
snput image data into frequency rslated coefficients for each

alock of picture elements. Ia the preferred embodiment, =he

zransform unit serforms a discrete cosine transform (DCT) on

ché blocks of image data. The Zrequency related coefficients

are then supplied to a processing unit 49.
In order <o detect the presence of errors in tThe

-ransmitted video data, the processing unit 49 is arranged to

salculace the =nean and variance of the coefficient wvalues

As these varrance values are calculated,

within each block.
they are supplied to a first var.ance store 55 or to a second

-arrance store 33, thereby 2nsuring cthat <variance values

:al:ulated for zhe previous Zrame are available to the

Prccessing unit 49, The writ:ng and reading of variance

to and Zrom stores 35 and 356 is controlled by a

ralues
rarrance store controller S57.
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£ the -<1deo ianformat-on supplied over the trans-

2 -s compressed .n a form such that, in

-
-

miLsSsion ath

K

}-

uding spat-ally compressed coefficients, data
Zor =zach bnlock of compressed data

o iac

ct

addicion
representing moTion Vectors
are also suppiied, the motion ~vectors are also supplied to
che error concealing cirrcuit 22 v1a an input port 50.

Motion vectors are calcuvlated by comparing a block of
frame with a similarly

picture elements in a3 <current
shifted

positioned block in a previous ZIrame and with blocks,
by a plurality cf picture element displacements in both the
x and vy directions. The motion vector is not related
directly to movement of objects within the original image but
actﬁally represents the closest fit, deriﬁed by comparing the
block of interest with similar blocks of the previous frame.
verforming such comparisons in order to

~s disciosed in United States Patent

A technique for
produce motion vectors,
No. 5,083,202, assigned to the present applicant.

Thus, for each block of video data, x and y values are

transmitted indicating a motion vector of the closest fitting

blotk from the pzrevious frame. These displacement vectors

are supplied to a vector-store write-controller 51, wherein

rectors derived fxom a Zirst Zrame are written to a first
7€CTOr store $2, vectors Irom
a second vector store 53, wnereafter the first store is over-
written etc. Thus, vector values for the previous frame are

the processing unit 49, via a vector store

the next frame are written to

available to

reading circuit 4.

Operational procedures Zor the processing unlt 49 are

detailed in Figure 4. As a resuit of the transform performed

unit 48, a frame of coefficients will become
unicT  +49 which initiates its

-

by transform
available =0 2rocessing
processing procedures at step 31i. A question is asked at
step 82 as to whether another tlock cf the frame is available
and, Zcor che sirst block of a Zrame, this question will be
answered in che atffirmative. when answered in the affirm-
the mean value for the coefficients in the block is

mean value for the coefficients

ative,
calculacted at step al. The

_-\
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5f an 3x8 block is derived by adding" the values- of =the

soefficients together and then dividing by 64.
34 the var_ance 2f the values is calculated v

-ek

At step

ubtracting cthe mean value ZIrzcm each coefficient value =:

value Zfor =zach particular coefficient.

W

roduce a éiffsrence
iifference value 1s squared and the variance is obtained

'y

vl

1ls @ifsl
by adding all 34 squared terms. - _
At step 55 the _varianée value calculated £for =the

particular block is stored :Ia wvariance store 355 or 36,

depending upon the phase of the particular £frame under

consideration.
At step 56 a threshold wvalue T is read and at step 67

a question is asked as to whether the variance value

calculated at step 64 .-is larger than the threshold value. T.
The threshold -alue T is adjustable or _selectable by an

operator and may be ‘adjusted to suit a particular type of

video =ransmission. If the var:rance value calculated at step

54 is .arger than the threshold value read at step 66, it is
assumed that the block under consideration contains errors,

that a large variance value has been produced due to the
if the question asked at step 67

in
presence of errors. Thus,

is answered :n the affirmative, the block is concealed by

~nvoking a conceal block routinze at step 68.
If the gquestion asked at step 67 is answered in the

aegative, a furcther check is performed on the variance value

zo determine whether said value represents the presence of an

srroxr. Previously, said variance value was compared against

3 threshold valuve, which is appropriate for identifying very

severe earrors wnich produce very large variance values.

a block having coefficients with a modest variance

Sowever,
may still be i error and such an error is detected if the
S values

‘rarrance is significantly different Zrom the variance

-—

of blocks surrcunding the block under consideration, in the

sagquivalent position of a previous Iframe.

Thus, at step 69, the p»rocessing unit accesses the

variance store Zor the previous Irame. Therefore, if the

variance value calculated at step 64 was written to store 55,

is Sheet Has Been Re laced
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tep 59 accesses variance vaiues from store 56: The

X'}

squivalentc posiztion to the 32lock under consideration is

-dentified and z=he variance values for it and the eight
surrounding blccks are read Zrom store S6.
At step 0 the mean valiuve ? for the previous frame

rariance values 13 calculated and a comparison of this
srevious mean value is made with the present variance value,

at step 71. If the value Zor the block under consideration

s greater than -three :imes <he previous mean value P or

smaller than the previous mean value P divided by three, it

is assumed that <the hlock :contains an error and <the

concealing algorithm is again ravoked. Thus, if the value is

greater than three times the previous mean or smaller than

said previous mean divided by three, the question asked_ at

step 71 :is answered-in the affirmative and the conceal block
routine is called at step 72. 32Alternatively, if the question
asked at step 7! is answered -2 the negative, the block is

. error free at step 73 and control is

considered to De
returned to step 32. Eventually, all of the blocks for a

particular frame will have been considered and the question

asked at step 62 will be answered in the negative, returning

control o step 61 and placing the processing unit 49 in a

state ready for the next frame of coefficients.
The concealing routine which may be called at step 68
or-at step 72 is detailed in Figure 5. For the purposes of

zhis example, it is assumed that image data is being written

-9 image store 43 and that
dentified a block of image data which contains an error.
previously processed data

the processing unit 49 has
As
3ata is written tTO image store 23,
from image store 44, thereby providing a video output
A period of time is therefore

svailable during which modifications may be made to the image
before said data is selected by the

.5 read
signal <o output port 2.

iata stered in store 43,
As image data is written to store 43,

sutput controlier '16.
similarly,

=otion vectors are written to vector store 52 and,
cf image data is switched to image store 44,

as the writing
motion vector data is switched to store 53.

<he writing of
—_—
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Thus, an error is detected by the processing unit in

a nlock of -mage <ata which 2as been written to the image-

rocessing un:it 49 is now required to effect

procedures to cocnceal the errcor before this data is supplied

store 43 and the o

T0o the output zort $2.
At step 3! of ZFigure 3, =he wvector store 2 is

accessed so as o read the mot:-on vector for the equivalent

block of the previous frame.
At step &2 <he motion vectors for the eight surround-

ing blocks are zead from vector store 52, thereby providing
a total of nine motion wvectors o the processing unit 49.

At step 33 an average motion vector is calculated by
adding said nine values and dividing by nine to produce an

averaged motion vector for accessing image data of -the
previous frame. Thus, the ;verage motion_vector identifies
the position of a bleock in the previous f;éme which, after
being moved in the x and v directions by amounts specified by
the motion vector, provides a cliose match to the block under
consideration in the present f:rame.

' Thus, the averaged motion vector identifies’'a block of
data in the previous frame which, at this point in time, will
in image store 44, the store presently being read to

se held
provide an output signal. Thus, at step 385 the data
identified in store 44 is  read by the block overwrite

controller 47, in response to instructions received -from the

processing wunit 49, and written <o the block under

consideration - the input :image store 43.
It is important to note that the block read from the

store 44 will net necessarily lie within an
given that the motion vectors are

output :Lmage
original block =oundary,
specified fo picture element rositions.

After the :mage block has teen overwritten, control s

seturned to step 52, allowing arother block to be considered.
compressed

Tigure < shows a3 vstem in which =he
transmitted sicnal comprises ZIZIregquency related coefficients

that represent the actual pixel values of the frame. Little

or no further processing of the ZCT coefficients is therefore
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before they are input to the processing unit 49, as
7. The operation of the circuit as shown in

required
shown 1o Figqure
Figure 7 15 otherwise the same as that shown in Figure 3.

Th decompression cirsuirt 27 may include some
arror :checking, for instance error

£

sonvent:onal Zaora of
correction code checking means. In <this <case, the

decompression circuit £flags a macroblock or a Group of blocks

{GOB) that is :icéentified as containing an error, (a Group of

plocks comprises a matrix of 11 macroblocks by 3

macroblocks). Only those blocks of a flagged macroblock or
GOB are passed to the error detecting and concealing circuit

29 to determine which block within the macroblock or GOB

contains an error. Those blocks that are not corrupted may
therefore be retained, whereas those blocks in which an error

s detected can be concealed.
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a signal

: A methocé HDf detecting an srror ina

representing a v1deo image, comprising:

recz2iving zlocks of ZIZrzquency related coefficiencts

the image; and

representing rsspective blocks 33
analysing the statistical distribution of said coeffi-
cients within a block to detect the presence of corrupted

data. .

10 2. A method according to claim 1, wherein said analysing

tep involves calculating the variance of said coefficients

in a block.

further comprising

3. A method according o :iaim 2,

comparing the calculated variance of a block with a predeter-

threshold  value, an error being detected if cthe

the predetermined threshold

[ »
(V)

mined
calculated variance exceeds

value.

20 4. A method according to claim 2 or 3 further comprising
comparing the calculated variance of a block of a current
calculated for at least one

all error

frame with the variance valuels,
similarly positioned block(s) =a a previous frame,

being detected if the calculated variance for a block of the
the similarly

frame c&i-ffers Zrom <the variance of

w

current
rositioned blockis) of a previcus Zrame by a predetermined

o

amount.

A method according to any preceding claim further

wn

comprising firstly dividing the signal into a plurality of

(91
©

portions corresvonding to respective blocks (32) of an image;

and ctransforming said portions :iato blocks of f£frequency

related coeffic:ents.

Apparatus for identifying the presence of an error in
characterised by:

(7]
wn

3.
2 signal representing a video ixmage,
—_—
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means (49) for analysing the statistigal distribution
of frequency related coefficients representing respective
blocks of the image to identify corrupted data.

7. Apparatus according to claim 6, wherein said analysing
means includes means for calculating the variance of the

coefficients in a block.

8. Apparatus according to claim 7, wherein said analysing
means includes means for comparing said variance value
against a predetermined threshold value.

9. Apparatus according to claim 7 or 8, wherein said
analysing means includes means for comparing said variance
value agaiﬁét variance value(s) obtained for at least one
similarly positioned block(s) in a previous frame.

10. Apparatus according to any one of claims 6 to 9,
including means for storing image data and means operable in
response to detection of an error within a block to
substitute for that block a stored block from an earlier

frame of the image.

11. Apparatus according to claim 10, including means (52,
53, 54) for reading motion vectors included with transmitted
video data, and processing means (49, 47) for concealing
blocks identified as containing errors by selecting a stored
block in response to said motion vectors.

12. Apparatus according to claim 11, wherein a new motion
vector is calculated by averaging the motion vectors
associated with similarly positioned blocks within the

previous frame.

13. Apparatus according to any of claims 6 to 12 furtherxr:

comprising:

———e e
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means
ﬁlufality of
nf an image;

means

2f frequency

a4
* c L M H] *

(48) for firstly dividing a signal _into a
portions corresponding to respective blocks (32)
and )

(48) Zor transforming said portions into blocks

raiated coerfficientcs
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