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DETECTI NG ERRORS I N VI DEO | MAGES. The present Lnwvention relates to detegklng
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signais representing v:deo -maces.

In addiztson o
bandwidth <1deo signals, --naterest has also developed :in
technigues Z<or =reducing the zandwidth requirement for the

These techniques
transmission of

transmission or storage of a v:Zeo signal.
facilitate, amongst other things,

7ideo signals, leading to the development of affordable video

two-way

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

over limited bandwidth transmission paths, is that the data
<he presence of transmission

—-es

becomes more -rusceptible to

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

preferable to :identify the presence of errors, and their

Zocations within the video 1mage and, where possible, take

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.

corrupted during
receiver and the

If the error correction code is
detectad at a
astance as described in US

-ransmission, zhis is

corrupted data replaced. Zfor
51s0210.
sresent invention seeks to provide an improved

apparatus for detecting the presence of errors in

patent no.
Bl o

-od

method and
2 video signal.
According to a

first aspect of the present invention,
zhere is provided a method of etecting an error i1n a signal

-

somprising:
Zrequency related coefficients
and

representing a ~wideo i1mage,
secerving Ddlocks of
representing respective dlocks 12 the video 1mage;

REPLACED SHEETS SG

%\\ T Description : paged o to paged "4
This Sheet Has Been R {4 Claim(s) :paged '“' to paged : .....
1 Drawing(s) : paged ig to paged ..7[%...

[A Abstract  :paged ... . to paged...........

DATE OF RECEIPT ......c.cc...lllieniiininnn.

L.




conferencing facilities and video tel ephones. A problemw th conpressing
video data for transm ssion over limted bandwi dth transm ssion paths, is
that the data becones nore susceptible to the presence of transm ssion 15
errors. The nature of the transmission path will be such that errors
usual | y cannot be prevented a Q ove.l rakl_re
transmtted inages, i 28l e "He géggﬁﬁtt canprflenfl TgsFﬁéﬁpsgssegnlc%{go‘#eg
errors, and theiients wLOCarlGnsAMQ*nnOth@tﬁrdeGﬁan&KEQQGCGMNér@°r=U=t°ﬂ-
possible, take s;ca.

zreferred 2mbedérment, said analysing steD

-
s

m

navolves calculating ‘me wvar:rance of said coefficients in a2

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.

5
) g=) ‘x.-X)?
i1 -

- where © = variance _
x. = value of the ith ccefficient

mean value of all the coefficents within a block

X
N
The var:iance may_be compared against a predetermined

number of coefficients in a block

oy
[¥)]

- A

threshold and an error identified i the variance is greater
than said threshold. Alternatively or additionally, <the
varrance values Zor the biocks of a frame may be stored and
~he varzénce for a block under -onsideration may be compared

0 with the variance of the block in a previous frame that is

"similarly positioned and/or for the surrounding blocks of the
A mean varicace value may be calculated for

[ ]

srevious frame.
<he blocks oI the previous frame and an error detected if the
rarzance value under consideration is significantly larger or

28 significantly smaller than the nean value for the previous
Srame.

If the transmission cocwng scheme employs {requency
~elatai coerfic:ants which represent the actual values of the
sixels within = Dlock., Zor sxample =zhe video signal :s

30 ntratframe coced using 2CT coefficients only, the
mathematical distribution of the transmitted coefficients may
e directly analvsed. dowever the coding scheme employed

j meht 0ot rcesult ia  Zreguency related coefficients
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20 action to conceal these errors. One nethod for detecting errors
conprises including an error correction code :as an over head. Cyclic
redundancy codes are widely used for error detection at the expense of a

smal | over head _ o f ]
cor r uplaRFeReRRYNEr ZRSNRSSRAA, vahue of GEeefiaglat a Foaxdinstangrl

code is

in the transmtted signal. 25 If the error correction

the corrupted dat a-u&ptaghdmitokdl B8HAREC -39 -d88akshefel BT NUMRY Hikhween

5150210.

(¥1]
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zhe current Irame and zn eariier Zframe, <he actual pixel

ralues, and =nence <the mathemat:cal distridution of <he
resulting frequency coefficients, cannot be obtained without
Sirst decompressing the received signal to produce the actual
pixel <values, and then dividing the signal into blocks and
transforming the signal iato the frequency domain to produce

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

a kblock if an errxor 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

only, with reference to the accompanying drawings, of which:
Figure ! shows a system for transmitting and receiving

sompressed video data, rncluding a circuit for detecting and

soncealing errers;
Figure Z shows how an image is made up from a plural-

~ty of blocks;
Figure I snows a Zirst embodiment of a circuit Zor

ietecting and cecncealing errors Zor use in a system as shown
-2 Tigure 1, including a processing unit;
Figure 4 details the operat:zon of the processing unit

shown 12 Figure I, for detecting the presence of an error;
Figure 3 Zetails the operations of the processing unit
shown -2 Tigure :. Zor conceal:ing an error.

shows a system :ncluding a second embodiment
£ 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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The present invention seeks to provide an inproved 30 nethod and appar at us
for detecting the presence of errors in a video signal. According to a

first aspect of the present :invention, there is provided a nethod of
detecting an error in _a signal representing a video inmage, conprising: 35
receiving bl ocks of ffre§YEREP re%t' RRUBY FreFentAmPERS BRANVEAGOr B35S ORAF
bllocks in the ¥ deandmigss,eMdzdthS15S sba rLep ARt GNRPlstation 16 to a_

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

71deo signal >s cenerated 5y & video sourcz i34,
tape siayer or similar sgquipment.

wnich may be

3 <7ideo camerz, 3 -<ideo

The transmiss:zcn path 12 has =z limited bandwidth, thererore

N

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
0 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

s
w

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

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

- sxample, compress the video data in accordance with the CCITT

20 H.251 compress:icn recommendat:aon 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
Zach block is. transformed into the frequency
and the

video :mage.
domain Dby a Ziscrete cosine transform (DCT)
coefficients ars -transmitted. The blocks may be compressed

[ 8]
W

without reference to any other bdlock or frame (intra frame
coding) or with rerference to another block or frame, in which
case the DCT ccefficients represent the differences between
The original video data includes eight
location and the

30 <zthe compared blscks.
=its luminance 3Ior each picturs element

zlock consists o an 3 x 3 arrzy of picture elements. An

coerficients s sim:iiarly proportioned but che
twelve »its may D2e

solutzon s such that a naizimum of
i3 required Zfor = particular ccerfficient, 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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-2- analysing the statistical
bl ock to detect the presence of corrupted data. In

enbodi ment, said analysing step 5 involves calculating the variance of

distribution_of said coeffi- cients wthin a
a preferred

sai d coefficientgsyirlgd an output circuit 20 amplifies and, where required,

(¥1)

[\
(]

dulates the ccmpressed vi1deo signal, thereby placing it in

Zorm suitable Zor transmissicn over the transmission path

]

-
=
- e

L is iixely that zhe _evei zf attenuation suffered by

the transmittad signal wirll be Irequency dependent, therefore

an equalisation circuit % at the _2ceiving station provides
is then de-modulated (if

129

compensation. The recei- 4 signal

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

circuit 25.
De-compression s periormed by & de-compression

circuit 27, arranged to perform the reverse process to 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
This would result in the corrupted data being visible
integrity of the

data.
on a display device 28. Thus, =he overall
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
identifvy a block of corrupted data and to
corrupted data by selecting an

29, arranged to
conceal <this D>block of
equivalent block from a previously transmitted frame.

A conventional video frame 31, as shown in Figure
ilines with 352 elements on each line. As
the frame is divided

2,

consists of 288
Dart Oof the H. 26l compression crocedure,
into 1584 blocks, with sixty Zour picture elements, in the

form of an 8 X 3 matrix, within each block.

A luminance block 32 is shown in Figure 2 and this,
three adjacent blocks, provides a macro

in

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

I4 displavaing 2 Zull matrix oI picture elements 35. In

additzon, a Zull colour gpicture 2lso requires the trans-

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

’ -

ietailed in Figure
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bl ock. Variance is determ ned by cal culating the difference between actual
coefficient values and the nean value, form pg_the square of said .

di fference and summ ng said squares, i.e. NJ[err] 10 where [err] = variance
xi = value of the ith coefficient x = nean value of all the coefficents

within a blOCk:he.decomnre551cn circuit 27 is received at an input port 41
isplay on the display device 18 -

The circuit 29 includes a

znd $roc essea "ZGEO data for é

plied <o 22 output Dort =Z.

'U

S

X

first :mage 3Tzre <3 and 3 sscond image store 44, =ach
a

capable of stering full ~1deo Zrame. A w7ideo wr:ite

(1§ 1]

controlier 45 controls the writoag of video data to the image

a fizst frame Ls-written to image store 43
while the first

stores, such thart,
and a second frame is written :to store 44,

read from the Zirst image store 43 under cthe
v1de0 read controiler 46. After a £full video
the next

Zrame is being
10 contzol of a
frame has been written to the second image store 44,

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.
:s 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 errpré. When an error is detected, blocks of data in the
:mage stores 43 and 44 may be overwritten, under the control

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

the input image data from port 41 is also

20 presence of errcrcs,
arranged to transform the

supplied to a cransform unit 48,
snput image data into frequency related 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

N
(1]

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
salculacte the mean and variance cof the coefficient values

within each block. As these var:ance values are calculated,

zhev are supplied to a first varrance store 55 or to a second

--arrance store 33, thereby =2nsuring that <variance values
the

for =:the previous Zrame are available to

-

)
Q

ca ;:-lated

Prccessing unit 49, The writing and reading of variance

~alues to and Zrom stores 35 and 36 is controlled by a

ta
tn

rarrance store controller S57.

. This Sheet Has Been
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N= nunber of coefficients in a block 15 The vari ance may be conpared
agai nst a predeterm ned threshold and an err6r-identified if the variance
is greater than said threshol d. Alternatively or additionally, the

vari ance values for the blocks of a frane may be stored and the variance
for a block under consi€derkei ondegy beiconphred ZMDHLied hevesr ithe e tornstre
bl ock in a prewhQus Jof agBchhatzi s Si BhhaklbksRaSi 14 0ned:3Ra/ OfuéRr ttﬂhg: in

surroundi ng bl ocks of the previqus franme. A mean vari ance v%lue may be
cal cul at ed for2ddition to lncludiag spat-=allv compressed coe L1c1ents, data

representing motion vectors Ior =zach plock of compressed data

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

in a current frame with a similarly

shifted

(¥1)

picture elements
positioned block in a previous Zrame and with blocks,
10 by a plurality cf picture element displacements in both the

X and y 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

15 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
ransmiéted indicating a motion vector of the closest fitting
from the previous Zframe. These displacement vectors
to a vector-store write-controller 51, wherein
Zrame are written to a first

20 Dblotk
are supplied
7ectors derived from a Zirst
7eCtOor store 52, vectors Irom the next frame are written to
a second vector store 53, wnereafter the first store is over-

25 written etc. Thus, vector values for the previous frame are

available to the processing unit 49, via a vector store

reading circuit 4.
Operational procedures Zor the processing unit 49 are
As a resuit of the transform performed

30 by transform unit 48, a frame of coefficients will become
initiates its

detailed in Figure 4.

available %0 2rocessing unit 49, which
21, A question is asked at
tlock cf the frame is available

this question will be

Processing procedures at step
step 82 as to whnether another:

and, Zcor che sixst block of a Zrame,
answered in che affirmative. when answered in the affirm-
the mean value for the coefficients in the block is

The mean value for the coefficients

ta)
th

ative,
calculacted at step al.

_-\

This Sheet

T



the bl ocks of the previous franme and an error detected if the variance

val ue under consideration is significantly larger or 25 significantly
smal l er than the nmean value for the previous frame. If the transm ssion
codi ng schene enpl oys frequency rel ated. coefficie i.Gh represent_ fhe
actual values 8f t#e g%l ﬁnc%/hi"r? a‘%FbXEfé for %@%ﬁ‘ﬁ%\g ‘t%ﬁe \’/lg%‘é%ssiogrnaf'hfs
30 intrafrane coeddéd:emsisngoda@herx @afd ithientdl vidqmidy By ddhe nmat hematical _

di stribution of the tﬁ@néggﬁt?g fEEﬁJJfEéHBéSﬂ§B¥h values is calculated zv

subtracting cthe mean value Ircm each coefficient value =:

ifference value Zor =zach particular coefficient.

N
"
n
0
nw o
e 8
4 ®
th
o (]
8 N

ence value 1s squared and the variance is obtained

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,

:0 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

y
wn

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

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

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

20 in that a large variance value has been produced due to the

presence of errors. Thus, if the question asked at step 67

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

[
(9]

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

error and such an error is detected if the
values

0 However,
may still be iz
crarrance is significantly differentc from the variance
of blocks surrcunding the block under consideration, in the

aqulvaleni posizt:ion of a previous frame.

Thus, at step 69, the p»rocessing unit accesses the
frame. Therefore, if the

[t
tn

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

This Sheet Has Been Reilaced
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be directly anal ysed. However the codi ng schene enpl oyed m ght not

resul t

val ue of the pixels. For
di fference between the current frane and an earlier frane,

pi xel

in

frequency related

th

15

25

ta
Q

ts
th

coefficients? - -3- representing the actual

instance, if the transmtted signal represents the
t he act ual
The

step 59 accesses <ariance vaiues from store 3$6:
nlock under consideration is _

aquivalent position to the
it and the eight

-dencified and =he variance valiues for
surrounding blccks are read Zrom store S6.
At step 0 the mean valiuve ? for the previous frame

rariance <wvalues 15 calculated and a comparison of this

srevious mean val ue is made with the present varlance value,
71. If che value Zfor zhe dlock under consideration

-—ae

at step
chan "three :imes <he previous mean value P or

.S greater
it

smaller than the previous mean value P divided by three,

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. 3lternatively, if the question
is answered .2 the negatize, the block is

free at step 73 and control is
all of the blocks for a

asked at step 7!
:onsidéred to D»e earror
returned to step 32. Eventually,
particular frame will ﬁéve 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
72 is detailed in Figure 5. For the purposes of

or- at step
-his example, it is assumed that image data is being written

=0 image store 43 and that zthe processing unit 49 has
As

dentified a block of image data which contains an error.

3ata is written tO image store -3, previously processed data

=5 read ‘rom 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

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
—_—
TnmShmﬂH
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val ues, and hence the mathematical distribution of the 5 resulting
frequency coefficients, cannot be obtained wi4{hout first deconpressing the
received signal to produce the actual pixel values, and then dividing the
signal into blocks and transformng the signal into the frequency domain to

produce the frequencyrhgkat @® @&ldd Giscisredted by ;hénnéoﬁégﬁel‘@edxut in
is taken to conceal a block if an error is identifi.e
é?l y'naae—

enbodi nent action
This may invol Be RSB trﬂﬁflomﬁﬁat?ﬁ?%%teéfedeSPO€W1£F%Ps?ﬂ1F

posi ti oned store 43 and the processing un:it 49 is now required to effect

procedures to ccnceal the error before this data is supplied

T0 the output zsort 42.
At step 3! of ZFigure 3, =he wvector store 2 is

(§1}

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

block of the previous frame.

. At step 2 the motion vectors for the eight surround-

10 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

15 previous frame. Thus, the average motion_vector identifies

the position of a bleock in the previous frame which, after

heing moved in the x and y directions by amounts specified by

the motion vector, provides a cliose match to the block under

B consideration in the present f:rame.
20 ' Thus, the averaged motion vector identifies’'a block of

data in the previous frame which, at this point in time, will

se held in image store 44, the store presently being read to
provide an output signal. Thus, at step 385 the data
identified in store 44 1is  read by the block overwrite

25 controller 47, :in response to instructions received -from the

processing unit 49, and written <o the block under

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

-

output :mage store 44 will net necessarily ilie within an

original block boundary, given that the motion vectors are

()
O

specified for :;uture element rositions.

After the :mage block has teen overwritten, control 2
returned to step 52, allowing another block to be considered.
igure < shows a vstem in which +-he compressed
35 transmitted sicnal comprises ZIrequency related coefficients
e actual pixel values of the frame. Little

llj

that represent
or no further processing of the ZCT coefficients is therefore

This Sheet Has Been Replaced
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block in a previous franme or its notion conpensated block. Alternatively, a
new notion vector nmay be cal cul ated by 15 avefraging notion vectors for the
simlarly positioned bl ock and surroundi ng bl ocks froma previous frane to
produce a notion vector relating to a block in the previous frame with

which the curredgqbl 86k b8:bSe PendeAE athputhe:d RN Protetidilng Uike 49, as

described by way of exanpl e 20 onIy with reference to the ag onganéaé%
dr awi ngs, of V\kﬂ'{ﬂ?‘"‘ Fi glfr‘eq"ir%hdws DEPRFATR® QLSS CEETF L ES: & A

igure T i1s otherwise the same as that shown in Figure 3.

Th decompression cirzuit 27 may include some

sonvent:onal Zorm of =2rror :zecking, for instance error

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
10 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
conzains an error. = Those blocks that are not corrupted may
therefore be retained, whereas those blocks in which an error

18 s detected can be concealed.
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conpressed video data, including a circuit for detecting and conceali-rg——

errors; Figure 2 shows how an i nage is nmade up‘Tron1a pl ural |t

bl ocks; Figure 3 shows a first enbodinment of a circuit f miﬂwuméuﬁm“\
concealing errors for use in a systemas showy in Flgure

processing unit; Figure 4 details the opefe#dde®® of the processing unit 30

shown in Figure 3, for-detecting the presence of an error;
ignal

n

: A methocé Df detecting an =error ia a

representing a 1deo image, comprising:

recz2iving zlocks of ZIZrzquency related coefficiencts
representing rsspective blocks > the image; and

e statistical hls;rxhutlon of said coeffi

analysing th

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.

3. A method according o :ziaim 2, further comprising

comparing the calculated variance of a block with a predeter-
threshold  value, an error being detected if cthe

exceeds the predetermined threshold

[ »
(V)

mined
calculated wvariance

- value.

20 4. A method according to claim 2 or 3 further comprising

comparing the calculated variance of a block of a current

frame with the variance value(s, calculated for at least one

similarly positioned block(s) =a a previous frame,

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

all error

current frame differs <Zrom <the variance of
frame by a predetermined

o
w

positioned blockis) of a previcus

amount. .

. A method according to any preceding claim further
comprising firstly dividing the signal into a plurality of
portions corresvonding to respective blocks (32) of an image;
transforming said portions :iato blocks of frequency

wn

(91
©

and
related coeffic:encs.

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

(7]
wn

3.
2 signal representing a video ixmage,
—_—
This Sheet Has B
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Figure 5 details the operations of the processing unit shown in Figure 3,
for concealing an error. Figure 6 shows a systemin I,ﬂmnmélmﬁfmlm |
enbodi ment of apparatus for detecting and tohtealindIk ; Ih
Figure 7 shows in greater detail the apparatus shown in°Fidgur® 65for

n i . is i ;
detecting and conceal ne n%r r(%rgs) f-gy ana ytsr:ll.%gr ?:Qxlea%%rgafqtst%.%%%.t &tteribution

10

15

20

25

30

35

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:

’______-_______.——-————-——'——_‘—_—
‘Sheet Has Been Reilaced
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-4 - A systemfor transmtting conpressed video data ove | S5
pat.h 15 froma transmtting station 16 to -a ¥%ceiving sté‘ﬂ“ﬁ”ﬁ@ﬂﬁ@@l‘l@ﬂ
in Figure 1. A conventional video signal is generated bys nSOEr
18, which may be 5 a video canera, a video tape player or sinlar )
equi pnent. The transnfeafsn paBh 15hafiFauly + ddvhadag deh, skiIrFefdmeo 2
' dlurality of portions corresponding to respective blocks (32)
nf an image; and

means (48) Zor transforming said portions into blocks
2f frequency reiated coerfficients

(Y]

This Sheet Has Been Reﬁlaced
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viideo data is conpressed so as to be retained within the available
bandwi dt h. The transnmission path may -Be” a tel ephone line, a
dedicated digital link, a radio |link or any 10 other known neans of

provi ding a conmmuni cation channel. By cogﬁﬁgsggg, t he conpressed vi deo

signal is in non-interlaced form wth e frame having 288 |ines

with 352 picture el enents on; T = m each

pi cture el enment has a |um nance val ue represented by eight bits of 15 data,

with a smaller nunber of bits allocated to represent ]
An error :s identified in a video image by calculating

Zrequency-related coefficients Zor blocks of the image and

(Y]]

considering the statistical distr:bution of said coeffi-
cients. The variance of the coefficients is calculated and

, a block of original image data is concealed if the variance
- calculated is significantly higher than a stored threshold
and/or if said variance calculated is significantly different

from variance values derived for similarly positioned blocks

[y
Q

within a previous frame.
" Concealment is effected by selecting image data from

a previous frame, displaced in response to transmitted motion

[P
(V)]

vectors.

This Sheet Has Been Reilaced
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each col our difference signal

18.is conpressed by a conpression

The vi deo data generated by the video source
circuit 19 which may,

for exanple,

conpress the video data in accordaﬁtﬁ ith the CCTT 20 H 261 conpression
recommendati on al t hough the inventi 7*2 '

not limt

conpression. _ According to the H 261 recormendwa
be conpressed is divided into portions represenfthg
vi deo i mage. Each block is trapsformed into thex{yr

FIG. 1

20

19

[, - ‘
- -~

LOMPRESS

| /15

(ﬂ-’- QuTPUI

-

VIRED
SOURCE

|

rin of

Wdgo signal to

.
s s

c,_
N (e g
ANER-I K
_ =7 %
aduw

)
)
w
o=
Qe
=
D
o
=
e
(===

17

w0 bt

- ~ =

—

\ <

p—]

[ }

tvw}
Thisllsiiiﬁliliilreeilli{eﬁiced




25 domain by a discrete cosine transform (DCT) and the coefficients are
transmtted. The bl ocks may be conpressed w thout reference to any other

bl ock or franme (intra franme coding) or with reference to another bl ock or
frame, in which case the DCT coefficie rlepresent the differences between
30 the conpared bl ocks. The original video data includes eight bits

| um nance for each picture elenent |ocation and the bl ock consists of an 8

x 8 array of picture el emantgsz Adeqnleqyfgf coefficients is simlarly

proportioned but the
32\\ | | ‘/31
AN .

- . 288 lines

- 3 \

LLx36 = 1584 blocks

-F/G.Z 35 \

3 I

Bl K Bl T [ DI SR

cet Has Been Re 1aced

T \I\\



d

resolution is such that a mninmum of twelve bits my be 35 required for a
Conpression is achi eved because

particul ar coefficient,
many of the coefficients will have

‘ TN

FIG. 3

IMAGE 43

L | stoRe [Ty 46

plus a sign bit.
val u

effectively be This is the replacenent s

h
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-5- ignored. An output circuit 20 anplifies and, where required, nodul ates
the conpressed video signal, thereby pIaC|ng it in a table for
transm ssion over the transm ssion patﬁ"]/& ﬁ&#kely t hat the
| evel of atten nltted si gha be frequency
ng station

provi des conpe sation. 6]
ANOTHER BLOCK ? }\,-EZj
YES .
CALCULATE MEAN VALUE M FOR
THE BLOCK —~-b3
- _ :
| CALCULATE THE VARIANCE V OF
THE BLOCK 6,
v=5 (c-M)?
i} . :
. STORE V —~-65
| ' ¥
B _ REAG THRESHOLD VALLE T —~-66
r———NEQ ISV>T? 367
. {ves |
CONCEAL THE BLOCK —-68
12 .
Y
r

READ V FOR 8 SURRCUNDING BLOCKS ~—§9
- OF PREVIOUS FRAME

!
CALCULATE MEAN P OF PREVIOUS VAWES  |~~70

Y

NO ——
— SV>p RS 3T
| JVES -
| f  ZONCEAL THE 3L0CK ~-72
L * —
¥
BLOCK 0K ~73
T Y .
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requi red) by nmeans not shown and anplified by an anplifying 10 circuit 25.

De-conpression is perfornmed by a de-conpression circuit 27,

performthe reverse process to the c

circuit 19.

15 transm ssion channel 15, may result i
woul d result in the cofrupted data being visible on a display device 28.

Any errors

ggpression provi ded by the conpression
introduced'rﬁi?the signal, due to noLse on the

corruption of the

Thus, the overall integrity of the

FIG.5
N )

arranged to

data. This

READ MOTION VECTOR FAOM EQUIVALENT |~_ gq
3L0CK GF PREVIOUS FRAME
READ 8 SURROUNOING PREVIOUS
MOTION VECTORS 81
- I— _
CALCULATE MEAN MOTION VECTOR _ }—-83
{
(DENTIFY BLOCK FROM PREVIOUS FRAME [ ——84
¥
REPLACE BLOCK ——85
| |
RETURN ——86
//’

R



1, v

di spl ayed i mage woul d be inproved if the corrupted data could be detected
and conceal ed in sone way. 20 To provide such a detection and

conceal i ng process, the systen1inc|ude%% n error detecting and concealing
circuit 29, arranged to identify a blocC df corrupt to concea

this block of corrupted data by selecting an equky roma
previously transmtted franme. 25 A convermN ondl sndeo ffame 31, as

shown in Figure 2, consists of 288 lines with 35
AS L .
!

——

£ RRaRs
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>

part of the H 261 conpression procedure, the frane is divided into 1584
bl.ocks, with sixty four picture elenents, in the formof an 8 x 8 matri x,
wi thin each bl ock. 30 A Iuninance'gkock 32 is shown in Figure 2 and
this, in conbination with its three adjacgnf bl ocks, provides a macro bl ock
32. The nmacro block 33 is shown enlarged, with bl ock 34 displaying-a.ful
«matrix of picture elements 35. In addition, a full colour picture also

requires the t r an§~3%~Jri ssi on of_two col our difference bl ocks per
| umi nance bl ock. -
I~
(Vo) o o
on . (Ty) I
Nz z5| s
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2= ac - = o
e 2 28] 1=
= ==
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Th(.a' e:‘r r-or idetecting and concéal i ng circuit 29 is. d =tﬂ1,§E %EWE
whi ch deconpressed. vi deo dm'a SII-(E%WHW EEEI‘? t he re'p alm s %’bt ‘? AT
‘Date’ " . -6- . . p: k.
BT e REPLAGED | - | /A Drawing(s) : ey /*to > baved Ui
' B Abstract  : paged . {2t paged.....

AT OF RECEIPT ......|/19[16 .

The present invention rslates to detecting errors in

in

In adéizion to the 3Zroadcasting and storage of full
sandwidth <wvideo signals, Lntsrest nas also developed Iir
Tschnigues fc; saducing the Zzandwidth requirement for the
transmission or stcrage of a v.Zeo signal. These techniques
- facilitate, amongsé other things, two-way transmission of
10 <video signals, leading to the development of affordable video
. conferencing facilities and wvideo telephones.

A problem with compressing video data for transmission
over limited bandwidth transmission paths, is that the data

becomes more :usceptible to :the presence of transmission

=3
(§)]

errors. The nature of the transmission path will be such

that errors usually canﬁot be prevented and in order to

improve the overall result of transmitted images, it would be
oreferable to identify the presence of errors, and their
locations within the video image and, where possible, take

20 action To conceal these errors. .

One method for detecting errors comprises including an
arror correction code as an cverhead. Cyclic redundancy
~odes are widely used for error detection at the expense of
2 small overhead in the transmitted signal. '

25 If the error correction code is corrupted during
zransmission, zthis is detectad at a receiver and the
corrupted data replaced, Zor -astance as described. in US
patent no. 35150210. |

The present invention sseks to provide an improved

20 method and apparatus for detecting the presence of errors in

2 vicdeo signal.

According to a first aspect of the present invention,
zhere »s provided a method of Zetecting an error in a signal
cepresenting a video image, comprising:

secerving dlocks of Zrequency related coefficients

(W]
n

sepresenting respective »locks .n the video 1mage; and

This Sheet Has Been Re laced This is the replacement sheet
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vi deo data for

port 42. The C|rc

the decorrpressr on crﬁﬁ gilﬁe ade@Cei ved at an input port 41 and processed
store 44, each'5 ¢

controIIer 45 control s the wrltlng of vi deo d ta to the i mge ST OTes,

splay device 28 is appli ¢g; Hi®
s a first- |rrage store 43 and‘%
|ngafull video frane

that, a first frame is witten to e store 43 and.a second _frane-is :;’
witten to store 44, wWALP&'Tha® fT‘r ta‘rﬁe‘i“S“‘be‘rﬁg reRE-Profift TR §R 2 ==

| mage store 43 uvpndersthachin z ~‘0c< zo detsct the gresence cf ccrruptad-

n

2-a
Q

[y
w

-Zata.

zreferxed 2mbed:iment, said analysing step

]
Y]

-znvolves calculating "2e wvarizance of said coefficients in a

zlock. Va**ance is decermined zv calculating the difference

fficient valiues and the mean value, forming
A ;
s

fere—ce znd summing said squares, i.e.

¥
' 0=) {x.-X)?
= -

where o = variance -
{, = value of the ith ccefficient

.J'= mean value of all the coefficents within a block

= number of coefficients in a block

e

The variance may_be compared against a predétermined
threshold and an error identified if the variance is greater
than said threshold. Alternactively or additionally, the
variance values Zor the biocks of a frame may be stored and
the variance fcr a block under -onsideration may be compared
with the variance of the block in a previous frame that is
similarly positioned and/or for the surrounding blocks of the
previous frame. 3 mean varicace value may be calculated for
<he blocks of the previous frame and an error detected if the
variance value under considerat:ion is significantly larger or
significantly smaller than the mean value for the previous
Irame.

If the transmission cocéing scheme 2mplovs frecuency
selated coefficients which represent the actual values of th
sixels within 3 Dbdlock, Zor sxample the wvideo signal is
wntrarframe coded using BCT coefficients only, the
mathematical distribution of the transmitted coefficients may
Ze directly anaivsed. Yowever the coding scheme employed
miéht not result ia Zrequency related coefficients

This is the replacement shest
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-
10 control of .a video read e 1gxéer 46. After a full video frame has
been written to tHais store 44, the next video frame is-witten
to theiflrst i mage F &\ witing the previougly witten fr - and

an' out put signal® fo erived by reading tEHISTGHRET HASTBEEN e 44.
15 Wiile data is being witten to oneg of the | nage REPPAGED 43 or 44,
said data is al so processed to. detect the presence o error
i s detected, blrepkesenwdata 108 tarSyatageliords AP Ridiehs myf Pe Lnstance,

Overmw?tten, under_.{he. CoME0l-a4 signal zepresents t=he éifference between

-he current ‘rame and an eariier <Zrame, :the actual pixel

+alues, anéd ~nence =the mathematical distribution of <che

uizing frequency coefficients, cannot e obtained without

o
3]
o
1]

i1ved signal to produce the actual

"
'0
[}
I
t
n
®
aQ
o
]
o
s
®
0
0
..l
)
<Q
ct
'y
®
i
®
aQ
®

vixel <values, and-:hen édividing the signal into blocks and
ransforming bne signal iato tie frequency domain o produce
the freéuency related coefficients.

10 In a preferred embodiment, action is taken to conceal
a block 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.

- Alternatlvelv, a new motion vector may be calculated by

15 averaging motion vectors .for the similarly positioned block
and surrounding blocks from a previous frame to produce a
notion vector relating to 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

20 onl}, with reference to the accompanying drawings, of which:

Figure | shows a system for transmitting and receiving

compressed video data, rncluding a circuit for detecting and
concealing errors;

Figure 2 shows how an image is made up from a plural-

2% ity of blocks;

Figure I shows a Iirst embodiment of a circuit for
jetecting and concealing errors Zor use in a system as shown
n Figure 1, including a processing unit;

Tigure 4 details the operation of the processing unit
nown in Figure 3, for detecting tlhe presence of an error;

30 s
Tigure S details the operations-of the processing unit
snown -2 Tigure 3. Zor concealing an error.
Tigqure % shows a system :ncluding a second embodiment
sf apparatus for detecting and concealing errors;
is Tigure ~ shows in greater cetail the apparatus shown

This is the replacement sheet
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of a bI ock over W i t1gis&RiY iiRle&Reffidceq | N Order to |dent|fy the 20 presence :

of errors, the I nput omport 41 is also
transform unit 48, aUlwgm mlm Ilnsform the input i
frequency related co each bl ock, of pict

preferred enbodi nent, the transformunit perf%rns a di screre costne

g8 BHEET HAS BEEN
re el REBAGED 1n

he

transform (DCT) on 25 the yRleeks of Jd-mEedatag -Et@:‘ilnf*re‘;s%‘é@c;)’lf{@d'aéﬁéja over

coeff.icients are then supplied to a processrng ‘unit "49. In order to detect
the presence of ZerTARe s $3RA sarh .5 Irzom & tTransmitting station i6 to a
receLving statisn 17 is shown -a Tigures L. A cenventional
71de0 signal -3 senerated 3v & video sourc: 13, which mav Re

S a video camera., 3 video ctape ;ia er'or similar eqﬁipment.

-
wn

20

(38 ]
w

The transmiss:zn path iZ has = aited bandwidth, thereiore

7ideo data is compressed SO 35 IQ 4e retained within cthe
available bandwidth. The <=<ransmission path- may be a
:elebhone line, & dedieated dicircal link, a radio link or any
other known means of providing a communication channel. 32y
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 smaller numbef of bits allocated to represent
gach colour difference signal. -

The video data generated by the video source 18 is
compressed by 2 compression circuit 19 which may, for
example, compress the video data in accordange with the CCITT
4. 2561 compression recommendation although-the invention is
not limited to this form of compression. According to the
H.261 recommendation, the video signal to be compressed is
divided into portions representing blocks of pixels of the
video 1mage. Zach block is. transformed into the freguency
domain Dby a dJiscrete cosine frangform (DCT) and the
coefficients are -transmitted. The blocks may be compressed
without reference to any other block or frame (intra frame
coding) or with reference to another block or frame, in which

case the DCT ccefficients represent the differences between’

the compared biccks. The original video data includes eight
Zits luminance 3Ior each picture . element location and the
slock consists o an 3 x 8 arrazy of picture elements. An
array oZ coeffisients s simrlarly proportioned but the

resolution 1s such that a mizimum of ctwelve hits may Dde

sequired for 3z particular ccefficient, plus a sign it
compression is achieved because many of the coefficients will
save values o zero and mavy, therefore, effectively be

This is the replacement sheet
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-transnltted vrdeo*dafa’“fﬁe*ﬁroce |ng unit 49 is arranged
neanand variance- qu‘ssﬁdaﬂ{asﬁﬁg’m‘ t val ues 30 wi thin eatiy

vari ance val ues.are hey are supplied to a f

55'or to a second v "t hereby ensuring th rance values
cal cul ated for the ous frame are avarlable to the processing unit 49,

The wwrtrng and readi ng of variance. 35 val yes, pd froqis, res 55 and 56
i's controlled by BCTE 1 arfth U Eonrrorré§ ?p““ where requireaq,

modulates the ccmc*‘essea viédeo S.’.C'la.L _..erenv nlac' ng it in

a2 form "table Zsrx Trzansmissicn cver the transmission path
s It is lixeiy that the lesvel cof attenuation suffered Ly

cthe transmittesd s-gnal will ke Irequency dependent, therefore

an equalisation circuit 22 at the .sceiving station provides

compensation. The recei' 3+ signal is then de-modulated (if

requireé by means not sho.n and amplified by an amplifying
19 circuit 25,

De-compression s periormed by a de-compression
circuit 27, arranged to perform the reverse process to the
comﬁiession provided by the compression circuit 19. Any
errors introduced :nto the signal, due to noise on the

15 transmission channel 15, may result in corruption of the
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 detec%ed and concealed in some way.

To provide such a detection and concealing process,

N
o

the system includes an error detecting and concealing circuit
29, arranged to identify a block of corrupted data and to
conceal +this - block of corrupted data by selecting an
equivalent block from a previously transmitted frame.

A coﬁventional video frame 31, as shown in Figure 2,

sonsists of 288 lines with 352 elements on each line. As

ta
(V1]

Dart of the H. 261 compression procedure, the frame is divided
into 1584 blocks, with sixty Zour picture elements, in the
Zorm of an 8 x 8§ matrix, within each block.
20 A luminance block 22 is shown in Figure 2 and this, in
combiratzon with its three adjacent blocks, provides a macro
2icck I2. The macro 2lock 33 -5 shown enlarged, with block
34 displaying a ZSull nmatrix of picture elements 35. in
aédition, a Zull colour picture also requires the trans-
mission of two colour difference blocks per luminance block.
The error detecting and concealing circuit 29 is
ietailed in Figure 3, ia which decompressed video data from
| This is the replacement sheet
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17 FEB 1997.
m-ssi on- path 15

This is the replacenent sheet

i nf of mati on supplleﬂu
form such that, in a “ udlng spatlally compl’
dat a

1f.the videa.

T

-7-
i s

6

~he decompressicn circuit 27 ;s':ecelved-at'an inp;t'sor: +1
znd ;:ocessed":;eb data fcor display cn the display device 28 -
s applied £0 an SUuTPUT DOrXT =2 The circuit 29 includes &
first image stcre -3 and 2 seccnd image store 44, eech

= capable o¢f storzng-oa Iull °;deo Zrame. A video write
~ontroller 45 contzols the writing ¢ video data to the image
stores, such that, & first frame :s-written to image store 43
and a second frame is o store 44, while the first

wrirtten
Zrame is being

'cont:ol of a wvideo r=ad controiler d16.

rame has been wri

frame is

video written to - the

tten to the second image store 44,
first

e “irst image store 43 under the

After a £full video
the next
image store _43,

overwriting the previously written frame and an output signal

for port 42 is Qerlved-by
While'daea is being

43 or 44,

‘of errors.

image stores 43 and 44 may be overwritten,

of a block overwrite controller 47. In

supplied to a transform unit 48,
input image data into frequency related

slock of picture elements.

In the preferred embodiment,

reading the image from store 44.

written to one of the image stores

said data is also processed to degect the presence
When an error is detected, blocks of data in the

under the control
order to identify the

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

coefficients for each
zhe

-ransform unit performs a discrete cosine transform (DCT) on

3%
(%]

thé blocks of image data.
=h

are then supplied to a processing unit

In order to detect

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

salculate the nmnean and variance cof
within each block.

zhey are supplied to a fi

the presence of errors 'in

The frequency related coefficients

49.

the

values

As these variance values are calculated,:

rst variance store 55 or to a second

--arrance store 35, thereby =2nsuring that variance values
c-lated Zgr zhe previous Z-ame are available to the
precessing unit 49 The writing and reading of variance

3s

in

-ralues to and Zrom stores and 8

-sariance store controller S57.

is controlled by a

This is the replacement sheet
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representing notion veg)Qus. {10k peaRBIRLPCK of conpressed data 5 are al so

supplied, the notion vec supplied to t hgetrroer— bt

circuit 29 via an input rﬂmm Hl[mpuﬂmn vectors are qalrtd®ISHEET HAS BEENAr i ng -

. a block of picture . ele urrent frame |with REPLAQEBi | arly '

-positioned block in a previous frame and with bl ocks, shiTtéed 10 by a—

plurality of picture eleneppt dj.spl acepents.Ln. hoth X% a ILrecti -
\_Q%at)_(?%& i3 gyﬁ?u_cg :uU%EQ.E? Oggey %heth&'ggghe

The notion vector is not re | rect 0 novenent ~o | ECts W t Airn
original imge tagsicn sath s compressed -z a Zorm such that, in
ition to rnciuding spatially comprassed coefficients, data

é
cepresenting motisn vectors Zor sach block cf compressed data

suppliied, the motion vectors are also supplied to

(31}
f
h]
]
® w
[ S
(7]
o

rror conceaiiag circuit 22 via an input port S50.

Motion vectors are calcuiated by comparing a block of
picture elements in & <curreat frame with a similarly
sositioned block in a'previous Zrame and with blccks, shifted

10 by a plurality of picture element displacements in both the
x and vy directions. The motion vector is not related
diréctly to movement of objects within the original image but
actually represents the closest fit, derived by comparing the
block of interest with similar blocks of the previous frame.

15 A technique for performing such comparisons in order to
produce motion vectors, s disclosed in United States Patent
No. 5,083,202, assigned to the present applicant.

Thus, for each block of video data, x and y values are
transmiéted indicating a motion vector of the closest fitting

20 Dblotk from the previous £frame. These displacement vectors
are supplied to a vector-store write-controller 51, wherein
vectors derived from a first Zrame are written to a first
vector store 52, vectors Zrom the next frame are written to
a second vector store 53, whereafter the first store is over-

25 written etc. Thus, vector values for the previous frame are

available to the orocessing unit 49, via a vector store

reading circuit 54.

Operational procedures for the processing unit 49 are
detailed in Figure 4. As a result of the transform performed
by transform unit 48, a frame of coefficients will become

ta)
(&)

available <to processing unit 49, which initiates its
preocessing procedures at step =1i. A question is asked at
step £2 as to wnether another klock of the frame is available
and, Zor the Zirst block of a Zrame, this question will be
35 answered in the affirmative. WhHén answered in the affirm-
ative, the mean value for the coefficients in the block is
calculacted at step 63. The mean value for the coefficients
This is the replacement shest
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adtually represents h ghggg&hgkl&mdderlved by conparlng t he bl ock of

intefest with siml previous frame. 1 %ﬁﬂﬂﬁ' 8S BEEN
perform ng such conpa r to produce notion &&? QW
disclosed in United S . 5,083, 202, assigpe kA pesent

applicant. Thus, for each block of vi deo ata x and y values are
transmtted |nd|cat|ng a_mtion vectaor of e _clos st flttlngP§0 -bl ock from

the previous frake.2? TR&8e WPt acE mARTVER of % e’l*lp‘ 18Fpptied ‘Bgugs - of the

vector-store wtbeseppibnkkerchérhvbeasinthen dividing by &4.
| At step =4 the varianc :f the values is calculated By

ubtracting zhe mean value Ircm each coefficient wvalue =:

1

=

- - o -

rcduce a éiffsrence wvalue Zor sach particular coefficient.

w
"3

his difference value 1s squared andé the variance is obtained

td

by adding all 24 squared terms.  _

At step 395 the wvariance wvalue calculated for <che
particular block is stored _in variance store 35 or 356,
10 depending upon the phase of the particular iframe under
consideration.
At step 66 a threshold value 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 value T is- adjustable or _selectable by an

-
(¥, ]

operator and may be adjusted to suit a particular type of

video “ransmission. If the variance valus calculated at step

64 is .arger than the threshold value read at step 66, it is

- assumed that the block under consideration contains errors,

20 in that a large variance value has been produced due to the

presence of errors. Thus, if the question asked at step 67

igs answered 1n the affirmative, the block is concealed by
invoking a conceal 3lock routinte at step 68.

if the question asked. at step 67 is answered in the

25 negative, a further check is performed on the.varianpe value

zo determine whether said value represents the presence of an

arror. Previously, said variance value was compared against

3 threshold value, which is appropriate for identifying very

severe <2rrors which produce very large variance values.

Yowever, a block having coefficients with a modest variance

)
(@]

may still be in error and such an error is detected if the
varrance is significantly different from the variance values
of blocks surrounding the block under consideration, in the

squivalent position of a previocus frame.
Thus, at step 69, the processing unit accesses the

(1)
(¥}

variance store for the previous £rame. Therefore, if the

- variance value calculated at step 54 was written to store 33,
This is the replacement sheet
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vectors: derived froma first frane are witten to a fipgst vector store 52,

vect or s from the next T ¥n to a second vechge _
whereafter the first st | 5 witten etc. THus ‘ for
the previous frame are he processing uni '

store reading circuit 54. Cperatlonal pro&edures for the proces

are detail ed |n‘ELgure.. sasé'sesu)a % ctehe,. F§E§f01’=ﬂb£er§@5£@d Sé) by The
transformunit 28 ame of coef f (‘:'l‘er?t ONE *
eqi'va‘ent posizicn to - the L-ock under consideration is _

- -

entified anéd the wvariance <values. fcr it and the eight
surrcunding blccks are zead Zrom store S56. '

-

At step 70 the mean vaiuve ? for the previous f:ame

($1]

variance values is calculated and a comparison of this

srevious mean value is made with The present variance value,

at step 71. IZ the value for the block under consideration
is gfeatér than -cthree :imes zhe previous mean value P or
!0 smaller than the previous mean value P divided by three, it
is assumed that the block contains an error and the
concealing algorithm is again i1avoked. 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
15 step 71 is answered-in the affirmative and_the conceal block
routine is called at step 72. Alternatively, if the question
asked at step 71 is answered Ia the negative, the block is
considéred to be error free at step 73 and control is
- returned to step 32. Eventually, all of the blocks for a
20 particular frame will ﬂ;ve been considered and the gquestion
asked at step 62 will be answered in the negative, returning
control to 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

25 or-at step 72 is detailed in Figure S5S. For the purposes of
<his example, it is assumed that image data is being written
=0 image store 43 and that the processing unit 49 has
dentified a block of image data which contains an error. Aas
jata is written to image store =3, previously processed data
~s read Zrom image store 44, thereby providing a video output
signal ©9 output port 2. A period of time is therefore

ta
o

zvailabie during which modifications iay be made to the image
iata stered ia store 43, before said data is selected by the
Jutput controller 46. as image data is written to store 43,

motion vectors are written to vector store 52 and, similarly,

(PY)
n

as the writing cf image data is switched to image store 44,
The writing of motion vector éata is switched to store 53.
This is the replacement shest
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avallable to processln é which initiates its processing
procedures at step éﬁ‘ss er asked at step 62 : el
anot’her. bl ock of the bl e and, for the flTHiS BREEk :
frame, this question

red in the affirmtive. REPLAGER-

answered in the affirm atlve the mean Iue for the fTCrents I n the

bl ock is calculated at step 63. The nean value for the coefficients This
t he .repl acenent sheet Thus, an error 1s cdetected by the pr CFESSLHG unic in

a zlock Oof image data which'has Seen #4ritten to the Iimadge-

stcre 43 and 'uroceSSLn unzz 49 is now required to

e
srocedures to conceal the errcsr before this data is supplied

tn

To the output port 42. _

At step 31 0f Figure I, the vector store 32 is
accessed so as to read the motion vector for the. equivalent
block of the cprevious £frame.

At step &2 the motion vectors for the eight surround-

10 ing blocks are read from vector store $2, thereby providing

a total of nine motion vectors to the processing unit 49.

At step 83 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

- :5 previous frame. Thus, the ;veraqe motion_vector identifies
the position of a block in the previous f;éme which, after
being md&ed in the x and y directions by amounts specified by
the motion vector, provides a close match to the block under

B consideration in the present £rame.

20 ' Thus, the averaged motion vector identifies a block of
data in the previous frame which, at this point in time, will
se held in image store 44, the store presently being read to
Provide an output signal. Taus, at step 85 the data
identified in store 44 is read by the block overwrite

25 controller 47, in response to i1nstructions received -from the

processing wunit 49, and written =To the block under
consideration 2 the Lgput image store 43. '

It is important to note that the block read from the
output -mage store 44 will nct necessarily iie within an
original block houndary, given that the motion vectors are

[¥Y}
(o]

specified for picture element ;ositigps.
After the 1mage block has 2een overwritten, control is
returned to step 52, allowing arother block to be considered.
Tigure 2 shows a vstam in which -he compressed
33 ctransmitted signal comnrxses Irequency related coefficients
that represent the actual pixel values of the frame. Little
or no further processing of the CCT coefficients is therefore

This is the replacement siasst
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- 8- bf‘an 8x8 bl ock,j.s

cal cul ated by subtra
produce a difference
value is squared and the variance is obtaiRed

required tefcre they are input 0

£
shown iz Figure 7. The operatidln

rvise tThe.same as

-oe

(Y1}

value from each co C :
particul ar coeffi.cijent. REPEACED f ererlce

_ der ved gladding the val ues of the coefficients
t ogether and then di E ’ﬁile Plaged st ep 64 the vari ag ' '

.
FTHIS SHEETVHAS BEEN |5

the processing unit 49, as.
of the circuit as shown in

that shown ia Figure 3.

_ the
™ decompression cirzuit 27 may Include some

conventional ZIorm of =rrocr :necking, Zoxr iastance error

sorrectlon c¢ode checking means. In <his case, the

jecompression circuit Zlags a macroblock or a Group of blocks

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

nlocks = comprises a matrix . of

[#3]

11 macroblocks Dby

10 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
conEains an error. Those blocks that afe not corrupted may
rherefore be retained, whereas those blocks in which an error

is detected can be concealed.

[y
tn
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by addl ng- aI I squar ed ter ,,Atfstep 65 the variance val ue cal cul at ed

for the parti cul ar*brﬁéﬁ'g’g?ored in variance store 55 or 56, 10 depending
updn ‘the phase of {. m ame under 'consideration. At step 66 a
threshol d value T i tep 67 a questlon I s asked as to whet her

the variance val ue tep 64 |sltarger tha TW@SHEE'F‘HV\S'EEW ue
T. 15 The threshol d |s adj ust abl e q ect abl ¢ by HEPLACED.

:. A methed Of detecting an  errcr ian a signal
representing a video image, comprising:

recaiving zlocks of <Zrsquency =related coefficients

in

representing rsspective blocks I the image; and
analysing the statistical distribution of said coeffi-~

-

cients within a block to detect the presence of corrupted

data. -

i0 2. A method according to claim 1, wherein said analysing
tep involves calculating the variance of said coefficients

in a block.
3. A method according to :claim 2, further comprising
iS5 comparing the calculated variance of a block with a predeter-
mined threshold value, an error being detected if the
calculated variance exceeds zthe predetermined threshold

- value.

20 4. A method according to claim 2 or 3 further comprising

comparing the calculated variance of a block of a current
frame with the variance value(s) calculated for at least one
similarly positioned block(s) =a a previous frame, an error
being detected if the calculated variance for a block of the -
current Irame  differs Zrom the variance of the similarly

(]
w

Jositioned block(s) of a previcus Zframe by a predetermined

amount.

(V1)

A method according to any vreceding claim furthe r

(s
(&)

comprising firstly dividing the signal into a plurality of
portions corresponding to respective blocks (32) of an image;
and ctransforming said portions iato blocks of frequency

selated coefficients.

3. Apparatus for i1dentifying the presence of an error in

()
W

a2 signal representing a video image, characterised by:

T+ C L M 0§ *
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oper at ar and may- be—adj—u%teth a particular type of. vi deo

tranémission. If t he al cul at ed .at step 64 is |larger than

the threshold val ue Eﬂmmﬁ Bﬁgﬁm s assune \)'? K der

consi deration cont a| In that ‘a largejv asg'é%% IS é ﬁgc been
- produced due to the presence of errors. Thus, if tithe gu Fhsked |at step

67 is answered in the affirmat i ve t he bl océgl S conceal ed by invoking a

conceal block routine at ste
ansmered in the _ means 49) fgg ;J; lng t e s 1cahe% tff%utlon

of frequency related coeff1c1ents representing respectlve

blocks of the lmage to identify corrupted data.

5 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
10 means includes means for comparing said variance value
' against a predetermined threshold value.
S. Apparatus according to claim 7 or 8, wherein said
- analysing means includes means for comparing said variance
15 wvalue agaiﬁét variance value(s) obtained for at least one
siﬁllafly_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

20 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,

25 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.

30 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.

35 13. Apparatus according to any of claims 6 to 12 further
comprising:

Thls Sheet Has Been Re
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25 negative, a further check is perforned on the variance value to _ .
- det efmi ne whet her sgj “ ‘!m“:“m i&ﬂ nts. the .presence of an error. o
Previously, said vaﬂl l " conpar ed -agai nst a.{t- ISSMEET A3 BEEN _
which i's appropri ate * of iHen?ifying very severe error I CRep) e velly -
| arge variance val ues. 30 However, a bl ock héwving coef flig _ ]

modest variance may stiddpde iigjerfgr andeslch advediag i s deiesded ided ha
variance is significantly different fromthe variance val ues of . IO%FS,,z)
surroundi ng t hetlrerk: BhdRr ROGHSORS: SPFORSPPRITAE ©O respect=ve DIocks -

2f an image; and

means (48) “or transforming said portions into tlocks

5 of frequency reiated coerfficiencs
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equi val ent position of a prévious frame. 35

Thus, at step 69, the

processing unit accesses the variance store for the previous frane.

Ther ef or.e,

[£1]

if the variance val ue cal cul ated at step. B4 vas writien to
store 55, This is the.replacenment sheet Datgs - 17 FFE-IIS99HEET HAS BEEN

REPLACED

ABSTRACT

An error is identified in a video image by calculating
frequency-related coefficients Zor blocks of the image and

considering the statistical distrirbution of said coeffi-

cients. The . variance of the coefficients is calculated and

a block of original image data is concealed if the variance
calculated is significantly higher than a stored threshold
and/or if said variance calculated is significantly different

from variance values derived for similarly positioned blocks
within a previous frame.

Concealment is effected by selecting image data from
a previqus frame, displaced in response to transmitted motion
vectors.
Fig. 3
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-9- step 69 accesses variance values from st or e—56——The €equi val ent
position to the block under consideration i's identified and the variance
.values for it and the eight surrounding blocks are read fromstore 56. 5.
At step 70 the nean value P for the previous franme variance values is :

cal cul ated and a conparison of this previous nean value is made with the
present variance value, at step A7 1f the val ue for-—t-he=—bdasd under

consi.deration - . , -
. - A . . o~y
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i-s grreater than three times the previous nmean value P or 10 snaller than

t he érevious mean-value P divided by three, it is assuned that the bl ock
contains an error- and the concealing algorithmis again invoked. Thus, if.
thé val'ue is greater than three tines the previous mean or smaller than
said previous nmean divided by three, the question asked at -15 step 71 is
answered in the affirmative and'th% gonceal bl ock reutine is called at step
72. Alternatively, if the question 4ddked at step 71 is answered in the
negative, the block is

352 elements

1~ I Ve

- B 288 lines

- ' '\\

LLx36 = 1584 blocks

FIG.2 PN

LN

— g e f e |
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consi dered to be- error free at step 73 and control is returned to step 62.
Eventual I'y, all of the blocks for a 20 particular frane wll have been
-consi der.ed and the question asked at.-step 62 will be answered in the
negative, returning control to step 61 and pl acing the processing unit 49
in.a state ready for the next frame of coefficients. The concealing routine
whi ch may ‘be called at step 68 25 or St step 72 is detailed in Figure 5.

For the-purposes-@F\LQLQ exanple, it P¢7assumed t hat i mage data is being

witten
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to image store 43 and that the processing unit 49 has identified a block of
I mge data which contains an error. As data is witten to i mage store 43,
previously processed.data 30 is read fromimage store 44, thereby providing
a video output signal to output port 42. A period of time is therefore
avai |l abl e during which nodifications nmay be made to the i nage data stored
in store 43, before said data is selected by the output controller 46. As
image data is witten to store 43, 35 notion vectors are witten to vect or

store 52 and, S|mlarly, 4/7
:
1 ¥ -
RECEIVE A FRAME OF COESFICIENTS C 61
%0 Y i
— ANOTHER 3LOCK ° DR
_ JYES
CALCULATE MEAN VALUE M FOR
THE BLOCK —~-63
- ¥
CALCULATE THE VARIANCE V OF
THE 8LOCK 2 ~-5.,
y=5 (C-M) i
) i
STORE V 5
Y
- _ READ THRESHOLD VALLE T ~-0b
}
—-ﬂ( SV>T? S-67
. [YES
CONCEAL me BIOCK 88
1 e
Y
[
READ V FOR 8 SURROUNDING BLOCKS 59
- (F PREVIOUS FRAME
|
CALCULATE MEAN P OF PREVIOUS vAWES  [—~—70
: A i _
0 XD A
1\(&5
“ONCEAL THE SLOCK 72
l i
}
8LOCK OK ~~-73
' —
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as the witing of |mage data Is swtched to |mage store 44 the writing of
notion vector data |s switched to store 53. This'is the repl -acenent

17 FEB 1997 Date:

. 10-

5/7

FIG.5
o

READ MOTION VECTOR FROM EQUIVALENT

8L0CK OF PREVIOUS FRAME Bt
T
AEAD 8 SURROUNDING PREVIOUS
MOTION VECTORS 81
v _
CALCULATE MEAN MOTION VECTOR _ }—-83
y |
(DENTIFY BLOCK FROM PREVIOUS FRAME 8l
i _
REPLACE BLOCK —~—85
4
RETURN ——86

sheet
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Thus, {an error is detected by the processing unit in a block of inage data
whi ch. has been witten to the inage store 43 and the processing unit 49 is
now, required to effect procedures to conceal the error before this data is.
supplied 5 to the output port 42.:- At step 81 of Figure.5 the vector store-
52 is accessed so as to read the notion vector for the equival ent bl ock of

the previous franme. At step 82 thedip;tion'vectors fo | surround-
_ : ~ Y
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10 ihg:blocks are read fromvector store 52, t hereby providing—a tetal of-—_

nine notion vectors to the processing unit 49. At step 83 am average nottoh
vector_is cal cul ated by adding said nine values and dividing by nine to
produce an averaged notion vector for accessing i nage data of the 15
previous frame. Thus, the average notion vector identifies the position of
a block in the previous franme which, 73t er being noved in the x and y
directions by ampunts specified by the notion vector, provides a close

match to the blockchEj?_L - | -
| —
o
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< o by
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consjderation in the present frame. 20 Thus,
vector identifies a block of data in the previ ous 1
"point intinme, will be held in imge store 44, the
read to provide an output signal . Thus, at

identified in store 44 is read by the blockloyermw
response to instructions received fromthe process

GPBEBUQCEgEmﬂhBHEEnS
sﬂﬁempnm pdgetihi;
(ﬁﬂmquﬁpsenpgyd

raBing(¥)e: giged.....
lﬂﬁmmwnr %ﬁﬁlﬁﬁo
ng uni t

o babed

witten to the block under consideration in th t re
DEﬂEKﬂHJﬂi.EBBQBﬁ_IJLJZLﬁIgggggégggﬁg& e IZ%I""
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The present invention relates to detecting errors in
signals representing video images.

In addition to the broadcasting and storage of £ull
bandwidth video signals, interest has also developed in
techniques for reducing the bandwidth requirement for the
transmission or storage of a video signal. These techniques
facilitate, amongst other things, two-way transmission of
video signals, leading to the development of affordable video
conferencing facilities and video telephones.

A problem with compressing video data for transmission
over limited bandwidth transmissionnpaths, is that the data
becomes more susceptible to the presence of transmission
errors. The nature of the transmission path will be such
that errors usually cannot be prevented and in order to
improve the overall result of transmitted images, it would be
preferable to identify the presence of errors, and their
locations within the video image and, where possible, take
action to conceal these errors.

One method for detecting errors comprises including an
error correction code as an overhead. Cyclic'redundancy
codes are widely used for'error detection at the expense of
a small overhead in the transmitted signal.

If the erxrror correction code is corrupted during
transmission, this is detected at a receiver and the
corrupted data replaced, for instance as described in US
patent no. 5150210. '

The present invention seeks to provide an improved
method and apparatus for detecting the presence of errors in
a video signal. £

According to a first aspect of the present invention,
there is provided a method of detecting an error in a signal
representing a video image, comprising:

receiving blocks of frequency related coefficients

representing respective blocks in the video image; and

This is the replacement
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It ig inportant to note that the block read fromthe output inmage store 44
w Il not necessarily lie within an 30 original block boundary, given that
the notion vectors are specified for picture elenent positions. After the
i mge bl ock has been overwitten, control _ig ceturned to step 62, allow ng
anot her bl ock to be considered. Figure 6 shows a systemin which the
conpressed 35 transmtted signal conprises frequency related coefficients

that represent the acidalydinglcneaakyasiotithe die8eibutibhl 6f said coeffi-
cients within a block to detect the presence of corrupted
data.
In a preferred embodiment, said analysing step
5 involves calculating the variance of said coefficients in a
block. Variance is determined by calculating the difference
between actual coefficient values and the mean valne, forming

the square of said difference and summing said squares, i.e.

N
o=§ (x;-x)2

10
where ¢ = variance
X; = value of the ith coefficient
x = mean value of all the coefficents within a block
N = number of coefficients in a block
15 The variance may be compared against a predetermined

threshold and an error identified if the variance is greater
than said threshold. Alternatively or additionally, the
variance values for the blocks of a frame may be stored and
the variance for a block under consideration.ngymbe compared

20 with the variance of the block in a previous frame that is
similarly positioned and/or for the surrounding blocks of the
previous frame. A mean variance value may be calculated for
the blocks of the previous frame and an error detected if the
variance value under consideration is significantly larger or

25 significantly smaller than the mean value for the previous
frame. _

If the transmission coding scheme employs frequency
related coefficients which represent the actual values of the
pixels within a Dblock, for example the video signal is

30 intraframe coded using DCT coefficients only, the
mathematical distribution of the transmitted coefficients may
be directly analysed. However the coding scheme employed
might not result in frequency related coefficients
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or no further processing of the DCT coefficients is therefore This is the
repl acenent sheet Dat e: 17 FEB 1997 requi red before they are input
to the processing unit 49, as shown in Figure 7. The operation of the-

icircuit as shown in Figure 7 is otherwi se the same as that shown in Figure

3.
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representing the actual value of the pixels. For instance,
if the transmitted signal represents the difference between
the current frame and an earlier frame, the actual pixel
values, and hence the mathematical distribution of the
resulting frequency coefficients, cannot be obtained without
first decompressing the received signal to produce the actual
pixel values, and then dividing the signal into blocks and
transforming the signal into the frequency domain to produce
the frequency related coefficients.

In a preferred embodiment, action is taken to conceal
a blOck'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, a new motion vector may be calculated by
averaging motion vectors for the similarly positioned block
and surrounding blocké from a previous frame to produce a
motibn vector relating to 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
only, with reference to the accompanying drawings, of which:

Figure 1 shows a system for transmitting and receiving
compressed video data, including a circuit for detecting and
concealing errors;

Figure 2 shows how an image is made up from a plural-
ity of blocks; '

Figure 3 shows a first embodiment of a circuit for
detecting and concealing errors for use in a system as shown
in Figure 1, including a processing unit;

Figure 4 details the operation of the processing unit
shown in Figure 3, for detecting the presence of an error;

Figure 5 details the operations of the processing unit
shown in Figure 3, for concealing.an error.

Figure 6 shows a system including a second embodiment
of apparatus for detecting and concealing errors;

Figure 7 shows in greater detail the apparatus shown

in Figure 6 for detecting and concealing errors.
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The deconpression circuit 27 may include sonme 5 conventional form of
error checking, for instance error correction code checking means.

In this case, the deconpression circuit flags a macroblock or a G oup of
blocks (GOB) that is identified as containing_an error, (a Goup of blocks
conprises a matrix of 11 macroblocks by 3 10 nmacrobl ocks). Only

t hose bl ocks of a flagged nacrobl ock or GOB are passed to the error

detecting and concealy ng,&idfUkbe 28-hRs HSELL Al NEoMPirel RO AWt Hat ot River
macr obl ock or GOB
a transmission path 15 from a transmitting station 16 to a
receiving station 17 is shown in Figure 1. - A conventional
video signal is generated by a video source 18, which may be
5 a video camera, a video tape player or similar equipment.
The transmission path 15 has a limited bandwidth, therefore
video data is compressed so as to be retained within the
available bandwidth. The transmission path may be a
telephone line, a dedicated digital link, a radio link or any
10 other known means of providing a communication channel. By
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—coméressed form, each picture
element has a luminance value represented by eight bits of
15 data, with a smaller number of bits allocated to represent
each colour difference signal.

The video data generated by the wvideo source 18 is
compressed by a compression circuit 19 which may, for
example, compress the video data in accordance with the CCITT

20 H. 261 compression recommendation although the invention is
not limited to this form of compression. According to the
H. 261 recommendation, the video signal to be compressed is
divided into portions representing blocks of pixels of the
video image. Each block is transformed into the frequency
25 domain by a discrete <cosine transform (DCT) and the
coefficients are transmitted. The blocks may be compressed
without reference to any other block or frame (intra frame
coding) or with reference to another block or frame, in which
case the DCT coefficients represent the differences between
30 the compared blocks. The original video data includes eight
bits luminance for each pictﬁre element location 'and the
block consists of an 8 x 8 array of picture elements. An
array of coefficients is similarly proportioned but the
resolution is such that a minimum of twelve bits may be
35 required for a particular coefficient, plus a sign bit.
Compression is achieved because many of the coefficients will
have values of 2zero and may, therefore, effectively be

- This is the replacement shest
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contains an error. Those bl ocks that are not corrupted may therefore be
ret di ned,” whereas those blocks in which an error 15 is detected can be
conceal ed. This is the replacenent sheet -12- 1. A nmethod of

detecting an error in a signal s

ignored. An output circuit 20 amplifies and, where required,
modulates the coﬁpressed video signal, thereby placing it in
a form suitable for transmission over the transmission path
15. ' |

5 It is likely that the level of attenuation suffered by
the transmitted signal will be frequency dependent, therefore
an equalisation circuit 26 at the receiving station provides
compensation. The received signal is then de-modulated (if
required) by means not shown and amplified by an amplifying

10 circuit 25.

De-compression is performed by a de-compression
circuit 27, arranged to perform the reverse process to the
compression provided by the compression circuit 19. Any
errors introduced into the signal, due to noise on the

15 transmission channel 15, may result in corruption of the
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.

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

25 A conventional video frame 31, as shown in Figure 2,
consists of 288 lines with 352 elements on each line. As
part of the H. 261 compression procedure, the frame is divided
into 1584 blocks, with sixty four picture elements, in the
form of an 8 x 8 matrix, within each block. _

30 A luminance b;ock.32 is shown in Figure 2 and this, in
combination with its three adjacent blocks, provides a macro
block 32. The macro block 33 is shown enlarged, with block
34 displaéing a full matrix of picture elements 35. In
addition, a full colour picture also requires the trans-

35 mission of two colour differénce,blocks per luminance block.

The error detecting and concealing circuit 29 is

detailed in Figure 3, in which decompressed video data from
This is the replacement sheet
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representing a video image, conprising: receiving blocks of frequency
rel at ed coefficients 5 representing respective bl ocks of the inage; and
anal ysing the statistical distribution of said coeffi- cients within a

bl ock to detect the presence of corrupted dgta. 10 2. A et hod -

according to claimi1, wherein said analysin
vari ance of said coefficients in a bl ock.

10

15

20

25

30

35

step invol ves cal cul ating the

the decompression c¢ircuit 27 is received at an input port 41

and processed video data for display on the display device 28

- is applied to an output port 42. The circuit 29 includes a

first image store 43 and a second image store 44, each
capable of storing a full video £frame. A wvideo write
controller 45 controls the writing of video data to the image
stores, such that, a first frame is written to image store 43
and a second frame is written to store 44, while the first
frame is being read from the first image store 43 under the
control of a video read controller 46. 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 writﬁen fréme and an output signal
for port 42 is derived by reading the image from store 44.

While data is being written to one of the image stores
43 or 44, said data is also processed to detect the presence
of errors. When an error is detected, blocks of data in the
image stores 43 and 44 may be overwritten, under the control
of a block overwrite controller 47. In order to identify the
presence of errors, the input image data from port 41 is also
supplied to a transform unit 48, arranged to transform the
input image data into frequency related coefficients for each
block of picture elements. In the preferred embodiment, the
transform unit performs a discrete cosine transform (DCT) on
the blocks of image data. The frequency related coefficients
are then supplied to a processing unit 49.

In order to detect the presence of errors in the
transmitted video data, the processing unit 49 is arranged to
calculate the mean and variance of the coefficient wvalues
within each block. As these variance values are calculated,
they are supplied to a first variance store 55 or to a second
variance store 56, thereby ensuring that variance values
calculated for the previous frame are available to the
processing unit 49.  The writing and reading of variance
values to and from stores 55 and 56 is controlled by a

variance store controller 57.
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3. A nmet hod according to claim2, further conprising 15 conparing the
cal tul ated variance of a block with a predeter- mned threshold value, an
error being detected if the cal cul ated vari ance exceeds the predeterm ned

t hreshol d val ue. 20 4. A nmet hod according to claim2 or 3 further
conprising conparing the cal cul ated vari anck of a block of a current frane
with the variance value(s) calculated for at |east one simlarly positioned

bl ock(s) in a previous frame, an error
If the +video information supplied over the trans-

mission path 15 is compressed in a form such that, in
addition to including spatially compressed coéfficients, data
representing motion vectors for each block of compressed data
S are also supplied, the motion vectors are also supplied to
the error concealing circuit 29 via an input port 50.
Motion vectors are calculated by comparing a block of
picture elements in a current <Irame with a similarly
positioned block in a previous frame and with blocks, shifted
10 by a plurality of picture element displacements in both the
x and vy directions. The motion vector 1is not related
directly to movement of objects within the original image but
actually represents the closest fit, derived by comparing the
block of interest with similar blocks of the previous frame.
15 A technigque for performing such comparisons in order to
produce motion vectors, is disclosed in United States Patent
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
20 block from the previous frame. These displacement vectors
are supplied to a vector-store write-controller 51, wherein
vectors derived from a first frame are written to a first
vector store 52, vectors from the next frame are written to
a second vector store 53, whereafter the first store is over-
25 written etc. Thus, vector values for the previous frame are
available to the processing unit 49, via a vector store
reading circuit 54.
Operational procedures for the processing ﬁnit 49 are
detailed in Figure 4. As a result of the transform performed
30 by transform unit 48, a frame of coefficients will become
available to processing unit 49, which initiates 1its
processing procedures at step 61. A guestion is asked at
step 62 as to whether another block of the frame is available
and, for the first block of a frame, this question will be
35 answered in the affirmative. When answered in the affirm-
ative, the mean value for the coefficients in the block is

calculated at step 63. The mean value for the coefficients
| This is the replacement sheet
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'being detected if the cal cul ated variance for a block of the 25 current

frame differs fromthe variance of the simlarly positioned block(s) of a
previous frame by a predeterm ned anount. 5. A nmet hod according to any
preceding claimf ur t h er 30 conprising firstly dividing the signal
into a plurality of portions corresponding to respective blocks (32) of an
I mge; and transform ng said portions into bl ocks of frequency rel ated

coefficients. o¢ an 8x8 block is derived by adding the values of the
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coefficients together and then dividing by 64.

At step 64 the variance of the values is calculated by
subtfacting the mean value from each coefficient value to
produce a difference value for each particular coefficient.
This difference value is squared and the variance is obtained
by adding all 64 squared terms. _

At step 65 the variance value calculated for the
particular block is stored in variance store 55 or 56,
depending upon the phase of the particular frame under
consideration.

At step 66 a threshold value T is read and at step 67
a question is asked as to whether the variance value
calculated at step 64 is lgrger than the threshold wvalue T.
The threshold value T is adjustable or selectable by an
operator and may be adjusted to suit a particular type of
video transmission. If the variance value calculated at step
64 is larger than the threshold value read at step 66, it is
assumed that the block under consideration contains errors,
in that a large variance value has been produced due to the
presence of errors. Thus, if the question asked at step 67
is answered in the affirmative, the block is concealed by
invoking a conceal block routine at step 68.

If the question asked at step 67 is answered in the
negative, a further check is performed on the variance value
to determine whether said value represents the presence of an
error. Previously, said variance value was compared against
a threshold value, which is appropriate for identifying very
severe errors which produce very large vdriance values.
However, a block having coefficients with a modest variance
may still be in error and such an error is detected if the
variance is significantly different from the variance values
of blocks surrounding the block under consideration, in the
equivalent position of a previous frame.

Thus, at step 69, the processing unit accesses the

' variance store for the previous frame. Therefore, if the

variance value calculated at step 64 was written to store 55,
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35 6. Apparatus for identifying the presence of an error in a signal
representing a video i nage, characterised by: This is the repl acenent sheet
- 13 neans (49) for analysing the statistical distribution of frequency

r-el ated coefficients representing respecti \ge

step 69 accessés variance values from store 56. The
equivalent position to the block under consideration is
identified and the variance values for it and the eight
surrounding blocks are read from store 56. .

5 At step 70 the mean value P for the previous frame
variance wvalues is calculated and a comparison of this
previous mean value is made with the present variance value,
at step 71. If the value for the block under consideration
is greatef than three times the previous mean value P or

10 smaller than the previous mean value P divided by three, it
is assumed that the block contains an error and the
concealing algorithm is again invoked. Thus, if the value is
greater than three times the previous mean or smaller than
said pre&ious mean divided by three, the question asked at

15 step 71 is answered in the affirmative and the conceal block
routine is called at step 72. Alternatively, if the question
;sked at step 71 is answered in the negative, the block is
considered to be- error free at step 73 and control is
returned to step 62. Eventually, all of the blocks'for a

20 particular frame will have been considered and the question

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

25 or at step 72 is detailed in Figure 5. For the purposes of
this example, it is assumed that image data is being written
to image store 43 and that the processing unit 49 has
identified a block of image data which contains an error. As
data is written to image store 43, previously processed data

30 is read from image store 44, thereby providing a video output
signal to output port 42. A period of time is therefore
available during which modifications may be made to the image
data Storea in store 43, before said data is selected by the
output controller 46. As image data is written to store 43,

35 motion vectors are written to vector store 52 and, similarly,
as the writing of image data is switched to image store 44,

the writing of motion vector data is switched to store 53.
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bl ocks of the image to identify corrupted data. 5 7. Appar at us accordi ng
to claim'6, wherein said anal ysi ng neans i ncludes nmeans for calculating the

vari ance of the coefficients in a block. 8. Appar atus according to claim
7, wherein said analysing 10 neans includes neans for conmparing said
vari ance value against a predeterm-ned thi@shol d val ue. 9. Appar at us

according to claim7 or 8, wherein said analysing nmeans includes nmeans for

conparing said Var'aEBSs, an error is detected by the processing unit in
a block of image data which has been written to the image
store 43 and the processing unit 49 is now required to effect
procedufes to conceal the error before this data is supplied

5 to the output port 42.

At step 81 of Figure 5, the vector store 52 is
accessed so as to read the motion vector for the equivalent
block of the previous frame.

At step 82 the motion vectors for the eight surround-

10 ing blocks are read from vector store 52, thereby providing
a total of nine motion vectors to the processing unit 49.

At step 83 an average motion wvector is calculated by
adding said nine wvalues and dividing by'nine to produce an
averaged motion vector for accessing image data of the

15 previous frame. Thus, the average motion vector identifies
the position of a block in the previous frame which, after
being moved in the x and y directions by amounts specified by
the motion vector, provides a close match to the block under
consideration in the present frame.

20 Thus, the averaged motion vector identifies a block of
data in the previous frame which, at this point in time, will
be held in image store 44, the store presently being read to
provide an output signal. Thus, at step 85 the data
identified in store 44 is read by the block overwrite

25 controller 47, in response to instructions received from the
processing unit 49, and written to the Dblock under
consideration in the input image store 43.

It is important to note that the block read from the
output image store 44 will not necessarily 1lie within an

30 original block boundary, given that the motion vectors are
specified for picture element positions.

After the image block has been overwritten, control is
returned to step 62, allowing another block to be considered.

Figure 6 shows a system in which the compressed

35 transmitted signal comprises frequency related coefficients
that represent the actual pixel values of the frame. Little
or no further processing of the DCT coefficients is therefore
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15 ya!ue_against varianée val ue(s) obtained for at least one simlarly
posi‘ti oned bl ock(s) in a previous frame. 10. Appar atus accordi ng to any
one of claims 6 to 9, including neans for storing inmage data and neans
operable in 20 response to detection of an error within a block to
substitute for that block a stored bl ock”ftbnTan earlier frame of the
gzagﬁ. 11. § Appar atus according to claim 10, including neans (52, 25 53,
or reading nptiogn vec ' i ' :
) rgquireg be%o%grghggcgggegngﬁghtér@ﬁéhﬁ%&SQSSing unit 49, as
shown in Figure 7. The operation of the circuit as shown in
Figure 7 is otherwise the same as that shown in Figure 3.
The decompression circuit 27 may include some
5 conventional form of error checking, for instance error
correction c¢ode checking means. In this case, the
decompression circuit flags a macroblock or a Group of blocks
(GOB) that is identified as containing an error, (a Group of
blocks comprises a matrix of 11 macroblocks by 3
10 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

15 is detected can be concealed.’
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video data, and processing nmeans (49, 47) for concealing blocks identified
as containing errors by selecting a stored block in response to said notion

vectors. 30 12. Apparatus according to claim11, mhe+e+n§g§ﬂgﬂL¥géLgﬂ
vector is calculated by averaging the1 moti on S associ a
simlarly positioned bl ocks within the previ‘ous frane. 7%} ”’ ?mipﬂ/ us

according to any of clains 6 to 12 further conprising:

1. A method of detecting an error -in a signal
representing a video image, comprising:
receiving blocks of frequency related coefficients
5 renresentlng respective blocks of the image; and
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
step involves calculating the variance of said coefficients

in a bilock.

3. A method according to claim 2, further comprising

15 comparing the calculated variance of a block with a predeter-
mined threshold value, an error being detected if the
calculated variance exceeds the predetermined threshold
value.

20 4. A method according to claim 2 or 3 further comprising
comparing the calculated variance of a block of a current
frame with the variance value(s) calculated for at least one
similarly positioned block(s) in a previous frame, an error
being detected if the calculated variance for a block of the

25 current frame differs from the variance of the similarly
positioned block(s) of a previous frame by a predetermined

amount.

5. A method according to any preceding claim further
30 comprising firstly dividing the signal into a plurality of
portions corresponding to respective blocks (32) of an image;
and transforming said portions into blocks of frequency

related coefficients.

35 6. Apparatus for identifying the presence of an error in
a signal representing a video image, characterised by:
' This is the replacement shest
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This is the replacement sheet means (48) for fir di viding a signal
into'a pllurality of portions corresponding to respei%%%E‘BTBER§*t32}—QL an
i mage; and neans (48) for transform ng said portlons Imn
frequency rel ated coefficients lfmmﬂnmi

- 13

means (49) for analysing the statistical distribution
of frequency related coefficients representing respective

blocks of the image to identify corrupted data.

5 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
- 10 means includes means for comparing said variance value

against a predetermined threshold value.

9. Apparatus according to claim 7 oxr 8, wherein said
analysing means includes means for comparing said variance
15 value against 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
20 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,
25 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.

30 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.

35 13. Apparatus according to any of claims 6 to 12 further
comprising: |
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T 1

X l'rneans (48) for firstly dividing a signal into a

plurality of portions corresponding to respective block

of an image; and ) o
means (48) for transforming said portians into blocks

5 of frequency related coefficients
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ABSTRACT

DETECTING ERRORS IN VIDEO IMAGES

An error is identified in a video image by calculating frequency-related coefficients
for blocks of the image and considering the statistical distribution of said coefficients. The
variance of the coefficients is calculated and a block of original image data is concealed
if the variance calculated is significantly higher than a stored threshold and/or if said
variance calculated is signiﬁéantly different from variance values derived for similarly
positioned blocks within a previous frame.

Concealment is effected by selecting image data from a previous frame, displaced

in response to transmitted motion vectors.

Figure 3.
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