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I nvention The present invention relates to the field of transm ssion or
st ream ngwofotaka7ivo web enabl ed devi ces. More speci fi caCinEp2athecresent
invention relates to the transm ssion of nedia content 5such as video or
audio or nmultimedia data or their conbination over the internet.
Introduction Early attenpts to stream fedi a content over networks and the
internet were limted due to the conbi natlon of the processing power of the
conputer's CPU and avai | abl e bXidgei gnal Processigr n conputing devi ces such as
per sonal t istants (PDAs), third generation (3G nobile phones and
personaIFgfg%pi@fl}?gerlgﬁﬁlave now been devel oped wi th high enough CPU power to
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provider to a custoner. As a result of encoding technlques standard nedi a
pl ayers such as Real Player(r) or Wndows Media Player(r) wll attenpt to
pl ay a Vingkodugfier a certain proportlon of the video content of the stream
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data bit rate is too low, the player will play up until the point where the buffer memory is
20  empty, at which point the player will stop to allow the buffer memory to fill adequately again.
Buffering the media content will not only result in frequent starts and stops throughout the
video play which makes the viewing experience less pleasurable but buffering the media
content can be slow to start, depending upon the bit rate of the media content being
downloaded and the connection speed of the user. This is exacerbated where high end video
25 media content such as internet TV which requires substantial bandwidth is streamed over the
network, whereby the number of concurrent viewers accentuates delivery loss by the
additional stress on the network, loading it with more data to simultaneously deliver over the
last mile. In order to prevent the video content being buffered each time it is streamed over
the network, media players can also function by downloading the video movie and storing the
30 content within the cache or hard drive of the user’s computer. However, such downloading
techniques have been known to encourage piracy and cannot allow for transfer of data in real

time which is essential for watching in real time or video on-demand.



WO 2012/ 022719PCT/ EP2011/ 064041 2 In order to deliver high end nedia over
the network wi thout the excessive buffering delay and yet try to provide a
good vi dewoqoelazey9at substantially |ower bit rates tharCpmPediomsdoyr it is
customary to conpress nedia files into a format such as an MPEG ( Movi ng
picture 5 experts G oup) LA Goup H264_format, so that they can be easily
streaned over a network, i.e. conpressifon is used to reduce the size of the
media stream For both video and audio files, naking the files snaller

requi res a "codec", or conpression/deconpression software. Various
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20  proportion of the data that is compressed as a result of the codec’s algorithms, the greater
the reduction in quality of the data. Various documents have been published concerning
attempts to mitigate data loss as a result of encoding the data stream content using
compression algorithms or codecs. For example, international patent application
W02010/009540 (Headplay (Barbados, Inc.)) teaches a system for compressing digital video
25  signals in a manner that prevents the creation of block artefacts or video distortion visible to

the human eye and improves compression efficiency by the selective removal of data

representing visually imperceptible or irrelevant detail.

Whilst codecs help to compress the data content to a size so that it can be streamed
30  effectively, aggressive data compression for large data content files such as multi-media
applications or real time video results in compression artefacts or distortion in the transmitted

signal. The more aggressive the data compression, the greater the likelihood that some data



WO 2012/ 022719PCT/ EP2011/ 064041 3 may be discarded or altered that is
incorrectly determned by an algorithmto be of little subjective

i mpor t ancwP 2b1o2ehiose renoval or alteration is in fact objraEPeidoedsde to the
viewer. An extreme case which is found e.g. in video-conferencing and real
time broadcasting applications is mhers the codec al gorithnms break down due
to an overload of data that is 5 required to be conpressed due to high
demand at the user's end tg an extent that the algorithnms_ cannot )
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of High Definition (HD) video content distribution over a network, it is

necessarsygiabbigakseuh pethths aieamn s Hsdosredigsk h downl oad and upl oad of the nedia
content. Full HD (1080p, i.e. 1080 horizontal |ines, progressive scan)
vi deo content in a conmon conpression format, such as H 264, has around
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vi deo content, and still cannot be called Full HD once conpressed. Video
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The limted bandwidth is a 25 further critical bottleneck for HD content
del i ver ysense tby gmngitees beiweenbho pdosey, iresgltingen a tpher user expeetencaNgtdwo pkoduct

architectures ing optical .fiber to replace all or part of the usual
copper | %?uqaglts%o‘g%’égu?eo‘?s‘f‘ %ec ﬁ‘?c&‘gﬁ'i ons, such as synmmetric
Fi befs- To- The- Home or Fi ber-ToThe-Prenises (FTTH or FTTP), are very

expensi ve and not wi despread. In order for the HD content to be streaned
over t heéfdarnthercast ,ofi Highaefeti@o e tvaded oomenti difsebetion fovemmat nawdfkorit 30even

[ gh ResrtetBC ek e iandrrdni o devdppbsatugend Pl ten Ful "0 "
2012/ Ozﬁgﬁggbﬁpggl}égﬁ%gﬁgontal lines, progressive scan) video content in a common
compression format, such as H.264, has around five times the amount of data of a
20  comparable Standard Definition (SD) video content, and still cannot be called Full HD once
compressed. Video content in 720p has around 2.5 times the amount of data compared with
SD content (data taken from US2010/0083303 (Janos Redei)). Most broadband data
communication technologies, such as, for example ADSL, provide limited bandwidth and
may not support the bit rate of a compressed HD video signal. The limited bandwidth is a
25 further critical bottleneck for HD content delivery or even real time broadcasting over the
internet. Network architectures using optical fiber to replace all or part of the usual copper
local loop used for telecommunications, such as symmetric Fiber-To-The-Home or Fiber-To-
The-Premises (FTTH or FTTP), are very expensive and not widespread. In order for the HD
content to be streamed over the internet, it may be converted to a different format and/or
30 even edited, and thereby affecting the quality of data transmitted, resulting in High

Resolution real time streaming, as opposed to true HD.



4 The goal of inmage conpression is to represent an inmage signal with the
smal | est possi bl e nunber of bits without |oss of any perceived information,
t her eby sweedixig2up transm ssion and mnim zi ng storagePCceqreoienents. The
nunber of bits representing the signal is typically expressed as an average
bit-rate (average nunber of bits per sgcond for video). To reduce 5 the
quantity of data used to represent digi'tal video inages, video conpression
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to small features). The DCT therefore is able to separate the more perceptually significant
information from the less perceptually significant information. The spatial compression
algorithm encodes the low frequency DCT coefficients with high precision, but uses fewer or
25 no bits to encode the high frequency coefficients, thereby discarding information that is less
perceptually significant. Theoretically, the encoding of the DCT coefficients is accomplished
in two steps. First, quantization is used to discard perceptually insignificant information.
Next, statistical methods are used to encode the remaining information using as few bits as
possible. Other spatial reduction methods include fractal compression, matching pursuit and

30  the use of discrete wavelet transforms (DWT).



5 previous frame or a key franme and instead of |ooking at the straight
difference or delta between the two franes, the techni que uses notion
conpensatwonoemeeners to encode the di fferences betweenPCrawesl1f0smm a
previous frame or a key reference frame in the formof notion vectors by a
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20 and upsanpling stage by the first encoder and decoder respectively has
little or no video output capability to an extent that little or no
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the frame Qhuffer and thus, all the fra ffer, to.be one fourth the
Si'ze. of TROMET b paeeris B ey BN AR s [ i et GneAEPsteple of
the franpuBeligrdaf0sndreRiiAingnhd BirRrRes: BEedeR it Siidid®nadtivadidasta kAl Ween the
subsanpl es. Wil st advances I'n video conpression have neant that it is
possi bl elecompresiede uptsempledndatias sioon thandedodehy ofheawisé dewvai gral‘diffaremes hod

of stream ng media content, particularly. .15 high resol ution |ti-nmeda
cont ent lnﬁ_oaﬁ%tépnser chhfgﬁjfwrs PrIgtio b5t SR G g TRfeedfetadation
transm Sdﬁ'é)%esﬁl@%fttge frst leh &RMing d ABYinE SHrolest Rertd8Ed 1 £RELAY Rncler laRa Rt wor k,

i s thus needed that: -
encoded “assist information” is used to enhance the multimedia data by adding details to the

multimedia data that were affected or degraded during the encoding and decoding process.
Further processing techniques prior to processing in the second decoder include noise
filtration by a denoiser module. As the multimedia data following the initial downsampling
20 and upsampling stage by the first encoder and decoder respectively has little or no video
output capability to an extent that little or no meaningful video output can be seen on a
suitable video display unit, the multimedia data is not considered as a video signal according

to the definition of ‘video signal’ in the present specification.

25  Other teachings involving the use of scalable encoding techniques include US5742343
(Haskell Barin Geoffry et al) and WO96/17478 (Nat Semiconductor Corp). US5742343
(Haskell Barin Geoffry et al) relates to encoding and decoding of video signals to enable
HDTYV sets to receive video signals of different formats and display reasonably good looking
pictures from those signals. A way to provide for this capability is through a technique of

30  scalable coding of high resolution progressive format video signals whereby a base layer of
coding and an enhancement layer of coding are combined to form a new encoded video

signal. The spatial scaling system involves passing the signal through a spatial decimator



i) significantly reduces the transm ssi on bandw dt h, ii) does not
excessively deteriorate the quality of the transmtted nedia content at the
20r ecei vewO20eyt2and iii) is able to cope w th nunerousPCEIEPREITDGi0AL
services such as internet TV, real time video-on demand and vi deo
conferenci ng wi thout any visually notigeable degradation to the quality of
the video signal and transm ssion tinme. Summary of the Invention 25The

present .appljcant has di scovered that. nany video data streans contain nore
i nf or matiMEdiaken fql@“ﬁegaeadb?fserenwdér BUPHESRASENS Sow ﬁisaﬁt@?i%a@laaﬁam Y,
all of [ - it n.REAc p
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| east a gnooddron of a video signal prior to video conpression encoding at
the transm ssion end such that the at |east portion of the video signal is
seen as 30l ess conpl ex by the video encoder, a | esser burden is placed on

Lhe Gncags.f 050101 ces, tNf P IAL0RRTISPEILEPRONLLP004L, 8 dan.si ana

before it Ts stre eby al T'ow ng €Nco

ef fici ent hymarghfetbgiants &y Yo Mhdtaust adveresef hMAdtan@nbifie Pesbshnipldr
quality of the received and decoded image. Typically, the progranmm ng or

si gnal  prosuectest to( & igput oft the hameuiter pearf@mei el subsappling o He videondatd &si on

ond s, oGSl R RIP B R OGP SRR 8 960,

i nvent i QA thd figné Biffern@ ARGARIARE Ok fahlcaiflleNth Be ¥hdRArthitBNake FEARS Bl Ng
the video signal over a conmunication network such as that provided by an

| nt eldnetbufer.vAseupampiadels. cmected atgplthe, outiug efothed flameobelfera fgyhprivehing wi r ed
line (e..g. fiber cable),or wirelessly..Thu the present invention provides
a net hodgt(?fpoﬂ)ag%d:?ﬂﬁztﬂ&%q%ueétbeﬁ%eﬁgﬁh%sutim@% of an inconing video 10
signal prior to supply to a video conpressi on encoder, whereby the

conplexity of a given nunber of pixels of the video signal for supply to
t he encodbisti sdvaachscmd video compression have meant that it is possible to reduce the

transmission bandwidth of a video signal, a method of streaming media content, particularly

15  high resolution multi-media content from a service provider or a programming provider at
the transmission end to a client’s device at the user’s end over an IP network, is thus needed
that:-

1) significantly reduces the transmission bandwidth,

i) does not excessively deteriorate the quality of the transmitted media content at the

20 receiver’s end and

iii) is able to cope with numerous multi-media services such as internet TV, real time
video-on demand and video conferencing without any visually noticeable

degradation to the quality of the video signal and transmission time.

Summary of the Invention

25  The present applicant has discovered that many video data streams contain more information
than is needed for the purpose of perceptible image quality, all of which has hitherto been
processed by an encoder. The present applicant has discovered that by applying a pre-
processing operation to at least a portion of a video signal prior to video compression
encoding at the transmission end such that the at least portion of the video signal is seen as

30 less complex by the video encoder, a lesser burden is placed on the encoder to compress the



Conplexity in this context includes the nature of and/or the anmount of

pi xel data. For exanple, a picture may have nore detail than the eye can

di st i nguiwb 2ed2em2T1epr oduced. For exanpl e, studi es have eho@r2aihastsothe human
eye has high resolution only for black and white, 15 sonewhat |ess for

"m d-range" colours |like yellows and greens, and nuch | ess for colours on
the end of the spectrum reds and bl ue§ (Handbook of | mge & Video
Processing, Al Bovik, 2nd Edition). It is believed that(&@e pr e- processi ng
oper at i ofid§oedigea sbafprg it divpireamed, odslinen ghegsbyet wyipg dhe 5)cqdshd0i Wekr B@Edant
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coefficients, cannot” be achi eve the conpression atgorit one
in 20 andyjscoddd anapeddypiodlly] theaap@uesshingl o sgmbrpesdéd (eas Uhtesndt Bervice
conpression artefacts that are perceptually si%nificant. This places a
| esser HUPWES. dtP} pletherftamanission wd s sestrelheveyithe ameppinel] videh eempisesial} gnal

has BeeneBaPLd YD Sl QelSEd NIuILASL N FOFRGPLANG. ¢ MiSuaiteR e

vi deo coOMRpreéssi on proces re- processi ng opération may

conpr i séntdniost P Seraf broddeusingRatsidhhingSCalded gigadl h&as serdlindothk ivideodigriahe
incomng video signal to forma first video signal, and imediately
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input signal for inputting into a video conpression encoder. By spatially
scal iong segnal paett toasyppht foom viskeo tdesprassioniengodst,gwbdretfyothe cwaplaxty sypat gisen y

re-scal ' uhber of pixels of the video signal for supply to the encoder is reduced.

Complexity in this context includes the nature of and/or the amount of pixel data. For
example, a picture may have more detail than the eye can distinguish when reproduced. For
example, studies have shown that the human eye has high resolution only for black and white,

15  somewhat less for “mid-range” colours like yellows and greens, and much less for colours on
the end of the spectrum, reds and blues (Handbook of Image & Video Processing, Al Bovik,
2" Edition). It is believed that the pre-processing operation reduces the complexity of the
video signal by removing redundant signal data that are less perceptually significant, i.e. high
frequency DCT coefficients, that cannot be achieved by the compression algorithms alone in

20 a typical encoder or if aggressively compressed results in compression artefacts that are
perceptually significant. This places a lesser burden on the encoder to compress the video
signal since the signal has been simplified prior to feeding into the encoder and thus makes
the video compression process more efficient.
The pre-processing operation may comprise the steps of’

25 a. spatially scaling at least a portion of the incoming video signal to form a first

video signal, and immediately followed by

b. spatially re-scaling at least a portion of said first video signal to form a second
video signal such that the complexity of the second video signal is less than

the complexity of the incoming video signal.

30 characterised in that:-



of the scaled signal, the conplexity of at |east a portion of the treated
video signal is less than 5 that of the incomng signal prior to video
conpr essiwO iy any hurman perception of the reducti @eaTiER2athecgunl ity of
the video signal, therefore reducing the extent to which the video signal
needs to be aggressively conpressed. Video signal scaling is a widely used
process for converting video signals fromone size or resolution to another
usual ly by interpol ation of the pixels. InterpolatiPn of the pixels nay be
by I'inear intl8f pefoag iy %Ooﬂg RIPVIdRs  completepBPHt SR &t BPHERBIHAR YACDT
both. This hag, g .Qunher.of advantages. Firstly, it reduces the extent to
whi ch t he encodéer conpresses the video signal for | ower bandw dth

transm ssion and therefore reduces the degree of any noticeabl e video
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high resolution multi-nedia applications, it allows nore efficient
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slight delay. 20 Wheﬁéas t he encoded signal has to be "decoded or

i nt er pr giveds. floterpaiasiph @f theypiagphyy he bdéaeu imerpalagon bt horslindar aherpolation or
substantially the inverse of the encoding conpressi n.aI%orit s, no

i nvel’se dFo eatmneegw[ee&lisr}a%@ﬁ%@ HeBlyanasesppitthe 1 1FBrdene €81°pt i de a
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spati al theafdreigequceseks dagidé af dnyensteeatid \2&paibhal distoalonggi.@rodessles) t he
present invention is able to produce a reasonably good | ooking picture on
any sui tagBressiwe dpnhypf dedycing ther datar eamtept afhide ndd¢rodigednpy PRRSCSE He ¥eed of

tTall j . . . ; L d oot s
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conpared to changes in the horizontal direction (Handbook of |nage & Video
Pr ocessiTagplutin malji-rediz gaplEationso i) allovsgorerihg prgrreerssing gad tepsmssion phe
hor i Zonttﬁle Vl(ge{) Es'\fg;lgllos?ncg %Sprgpérﬁgg of ‘}ﬁg V%é)ejozs/igonza?g&e%%%:[r{lelzel?iztg %%égr%g%elco]ﬁ(l)plex
compression algorithms or any compression of the signal that does occur is to a limited
extent and therefore may be carried out substantially in real time or with only a slight delay.
20  Whereas the encoded signal has to be decoded or interpreted for display by applying
decoding algorithms which are substantially the inverse of the encoding compression
algorithms, no inverse of the pre-processing step(s) need be applied in order to provide a
video image at the viewing equipment which does not contain any degradation perceptible to
the viewer. Thus, the “video signal” during the first spatial scaling process and/or the second
25  spatial scaling process in the present invention is able to produce a reasonably good looking
picture on any suitable display device.
Preferably, the method comprises the step of spatially scaling the video signal in the
horizontal direction. Spatial perceptual metrics applied to the human visual system have
determined that we recognize more subtle changes in the vertical direction of an image

30  compared to changes in the horizontal direction (Handbook of Image & Video Processing,

Al Bovik, 2™ Edition). Thus changing the resolution in the horizontal direction has a less



severe inpact on the quality of the video signal or inmage as perceived by
the human eye than changes made in the vertical direction. Preferably, step
(a) conprweesizheristep of spatially scaling at | east a pomTtEPeo1106408he

i ncom ng video signal in the horizontal direction so that it occupies a
smal l er portion of an active video signal. In the present invention, the
term"active 5 video signal" neans the protected area of the signal that

contai ns useful information be di splayed. For exanpl e, consider an SD
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step, the second processing step uses an interpolation algorithm (which may be any suitable



15 resultant video signal is |l ess conplex than the incom ng video signal
This is due in part to the manner in which conpressi on/ deconpression

har dwar e woopaRe1ar e can i nterpret information, nore spetidPR@alob4p4r el ati ng
to how the re-interpol ated upscal ed video signal contains quantifiably nore
pi xel s than the downscal ed original signal, but where the upscal ed video
signal is seen by a codec as |ess conplex. The upscal ed signal contains
additional pixels 20 preferably in a horizontal directi.on obtained by
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process occurs 1 n
the manner in which compression/decompression hardware and software can interpret

information, more specifically relating to how the re-interpolated upscaled video signal
contains quantifiably more pixels than the downscaled original signal, but where the upscaled
video signal is seen by a codec as less complex. The upscaled signal contains additional pixels
20  preferably in a horizontal direction obtained by looking at and mapping/interpolating
neighbouring pixels.
This is interpreted by the codec as additional but less complex data. More importantly, in the
present invention, the complete video signal from the scaling/ re-scaling process is used to
provide an input signal for the encoder. In W0O2008/011502 (QualComm Inc.), on the other
25 hand, it is necessary that both the original source signal and the ‘difference information’ is fed
into the second encoder and thereby, complicates the pre-processing operation with need for
an additional processing ‘comparator’ step.. As the amount of data seen by a streaming
encoder is considered less complex in the present invention, the efficiency of the encoder is
increased, making a substantive live streaming experience far more accurate to actual live
30  performances, as a real time encoder has less complex information to encode.
Complementary efficiency gains may also be obtained at the decoding algorithm in the

viewing equipment.



sequential steps. The invention correspondingly provides a video
conpression unit conprising pre-processing neans, in which the

pre- procesei2np/nzeans are operatively arranged to pre-preceEP2@t/oboast a
15portion of an incom ng video signal to reduce the conplexity of a given
nunber of pixels thereof; the pre-processed signal being suitable to be
oper ated upon by an encoder neans. Thel4i deo conpression unit may

conpri se: - a. a first video sanpling unit operatively
arranged to spatially scale at |east a 20portion of the incom ng video

signal t ' Vi ' | : ' i it
oper at i varisRl, 3he bifehes AR ERR s ciried, AFER M MR SR HibrtBihon,
si gnal tsach alian the Sewbiagct Bhagpak liatarlyoveatedcdovipl exiupyddpbading ipon Rdetienghe/i deo
signal. characterised in that; 25said second video signal conprises a
conpl et PPeRSEts dOPGREIing oF URsEHINETeHCHYAYD a vi deo conpression encoder. The
vi deq conpression unit nmay conprise a controller for controlling steps (a)
and (b) in sequence. WD 2012/022719PCT/ EP2011/ 064041

Optionally, the method of spatially scaling at least a portion of the incoming video signal to
form a first video signal and then further spatial re-scaling of said at least portion of the first
video signal occurs sequentially such that each time a portion of the signal is spatially scaled
by the first step (step a), the signal is subsequently spatially re-scaled. This is repeated until
10  the entire incoming video signal has been treated, i.e. the spatial scaling process occurs in

sequential steps.

The invention correspondingly provides a video compression unit comprising pre-processing
means, in which the pre-processing means are operatively arranged to pre-process at least a
15  portion of an incoming video signal to reduce the complexity of a given number of pixels

thereof’, the pre-processed signal being suitable to be operated upon by an encoder means.

The video compression unit may comprise:-
a. a first video sampling unit operatively arranged to spatially scale at least a

20 portion of the incoming video signal to form a first video signal,

b. a second video sampling unit operatively arranged to spatially scale at least a
portion of the first signal to form a second signal of lower complexity than the

incoming video signal.
characterised in that:

25 said second video signal comprises a complete input signal for inputting into a video

compression encoder.

The video compression unit may comprise a controller for controlling steps (a) and (b) in

sequence.



13 Preferably, the first video sanpling unit conprises a first DVE unit and
the second video sanpling unit conprises a second DVE unit that work in

t andem t oweanple2and t hen re-sanple at | east a portion @CTiEPeOMIOG®a1 Si gnal
sequentially. 5A DVE unit, as comonly known in the art, is a Digital Video
Ef fects processor, capable of digital 1rganl pul ati on of a video signal.
Digital nanlpulatlon of a video signal -can be provided by an aspect ratio
converter t Vld 0 sanpling unit, may. conprise a first gspect

ratio c&’r’f@%ﬁbg’f th% EFtt BriBe $aHpoMRgSe? firsdyVE ot 3ndeths ssenddespect
ratio copy gﬁ%ﬁmt%émhngesréag oMl TOVENGhit @h! QDG Parnggﬁi%' St add eﬁ%P' ete

|nput SI gn ccor g to the present | nvention an corrpre sion of said

conpl et esamplet Ikign@driion of the Oidedighalpeqomdsied vi deo signal a nmet hod of
transmtting/distributing the processed video signal for use by end users
conprises the steps of receiving a processed video signal according to the

present Aﬁ’ﬂ’\%‘hhl?”asac%%nliér@f‘ﬁﬂ%& Intfle 5{1é1s%r ﬁﬁs@%eé( EfEs \Syhg:g@or caﬁ thQ o her

context transm ssion co sen 0 sigha

over a Vdigied n@ipiitisn oF a\Mde©|sﬁ,§1§1 Dlglﬁtl ﬁfalnlp‘ﬂﬁﬂhbn o£5 Vﬁ%\élsi‘gﬁhalC@ﬂRTel #6sded
tenporary or pernmanent storage storing in whole or in part the processed
vi deo sitynal a5§9¢ttfab‘l> GOR\RItef.r rﬁl% gispides S@mplatgc@ssmby comprisena figss @spect n

this cont ex ﬁqp ﬁ. cove e sléuatlo g(} 6rqcessed vi deo
si gnal ﬁ% PREFY 1 {1 sEcopd a8 &%‘PP %%k}m B3y @M 5eond $Brq o
( Poi nt OAt ﬁ’feel%@éiﬁﬁg i BUSWInG PO dhdHoAr 6¥ethe SRIWIGE MR iGN a@lordiRd k& Mhe
Delivery Network for distribution/transm ssion to or access by end users.

The ROpriessss suyestignand cempisssign of saddagpmtilee neue stenek 6o sprevde aplaf@k@sed
representlng art of t rocessed. vi.deo si gnal in. cq |nat orms
e conpitsesifitiagTenahgl BARRERAER G Be P Rsrss R et et B b
processeggei éiﬁl@brfsbgﬂi%l steﬁshgf Pé'c&@ﬁ%sﬁ%ré/degs%e \ﬁﬂ&ﬁﬁgneﬂ ScORUIngNR! 1h¥ present

deconpressed to produce a deconpressed signal prior to transm ssion of the
25decorrpnwseui agd gwadrnlttmg thdpragessed enldo sighd. tr thrssaointetxe thassing ssain ¢<3n11rtsesn used

to gener te a Thus,. .the present, i nvention. furt
br 0w de G AEPHRE me.t@%i@&? St SHSE S¥ Tt Wik P VTR < Ag e
st eps 0fdev1c§% F1§‘é‘s%1¥1£ h&ﬁﬁnéﬂt%ﬂ% e%tBHEﬁﬁlthélE%?ru@hEﬁg theP IfoBé’slséH esent
i nvention; conpre e processed vi deo si gnal di spl ayi ng
t he dec Omhafoeﬁgﬁiﬂ sultaﬂked‘ostrg’rsahsmdﬁ@om 22482 BY ﬂ&RﬁWLEETZMﬁﬂi)ﬁm@ekl temporary
covers the situation whereby the processed video signal temporarily enters a delivery device
such as a server or a PoP (Point of Presence) unique to an Internet Service Provider or
Content Delivery Network for distribution/transmission to or access by end users. The

20  processed signal can be stored as discrete packets each packet representing part of the

processed video signal which in combination forms the complete video signal.

Alternatively prior to transmission of the processed video signal, the processed video signal is
optionally decompressed to produce a decompressed signal prior to transmission of the

25  decompressed signal.

At the user end, the transmitted signal is then used to generate a video display. Thus, the
present invention may further provide a method of displaying a processed video signal
comprising the steps of’-
30 a) receiving a video signal processed according to the present invention;
b) decompressing the processed video signal; and

c¢) displaying the decompressed video signal.



14 Detail ed Description Further preferred features and aspects of the
present invention will be apparent fromthe 5follow ng detail ed description
of an il lweteetizeaenbodi nent, made with reference to tReTHPaNILOGHA1 i N
which:- Fig. 1 is a block diagram show ng the arrangenent of the conponents
in the illustrative enbodi nent. FLg. 2 is a perspective view of an
image of a test card froma video sign4l source as it would 1Oappear on a
standard 4:3 aspect ratio display format. Fig. 3 is perspective view of the
imge of the test card fromFig. 2 follow ng sanpling the video signal so
as to reduce the active inmage area by 40% Fig. 4 is a perspective view of
an image of a test card that has been linearly squeezed in the horizontal

di rect i abetail&FD@scription a perspective view of an inmage after the signal from
Fig. 3 has been further sanpled so as to stretch the active inmage area by

167% t o furdsepeferegst Esbiies pibaspiests ofHBRuPresgntingenton will bg p Fm theyf
conpqgne p r i Vi i.g . S : di nd

tr anam SonakRG Rl REGRTOR% G WHERE Dl bod BT HERE AN L ERRE0 G
accor di nifawi@g@in ¢ideadi ment of the present invention is shown in Fig. 1. The
i ncom ng_or I nput si%nal 3 20 represents data associated with video

usual | y Pgebdntchlods dugraygeaving |the errpegement jofrdlife sompenieats i e dllystrates

and/ or auq%@ggn which is to be converted to a format for transm ssion or

streani ng’ "&n I P network. This is in conmparison to a traditional signa

that is MEoRAGASdspRY®e HBR oftiah iMYgdERNRstfard dha %¥@§i?ﬂ%ﬂ séurs@hehthdul
signal or by neans of a cable signal. Wile in the follow ng pre-processing

vi de f appencodi standausk4:3 kipeet ragp desalrydgiimtoadcast 25 appl i cations is
part el il schshes AN hventl ot sounl by, ompll ol oo e
i n hard \Jadvesnal OPAd 63bdk HcSactilié HfheSPdd 1 f0at e menory, flash drives, etc.
Fig. 4 is a perspective view of an image of a test card that has been linearly squeezed in the
horizontal direction.
15  Fig 5 is a perspective view of an image after the signal from Fig. 3 has been further sampled
so as to stretch the active image area by 167% to closely represent the size shown in Fig. 2.
An arrangement 1 of components for pre-processing a video signal for subsequent encoding
and transmission or distribution over an IP network by a service provider according to an
embodiment of the present invention is shown in Fig. 1. The incoming or input signal 3
20  represents data associated with video usually presented as a sequential series of images called
video frames and/or audio and which is to be converted to a format for transmission or
streaming over an IP network. This is in comparison to a traditional signal that is broadcast
over the air by means of radio waves or a satellite signal or by means of a cable signal. While
in the following pre-processing video for encoding for “live” streaming/broadcast
25  applications is particularly discussed, the invention is equally applicable to non real-time
digital video encoding used e.g. for compressed storage, such as in hard drives, optical discs,

fixed solid state memory, flash drives, etc.

The input signal 3 can be derived directly from the source signal such as a live broadcast
30  signal, .e.g. internet TV or real time live TV or a conference call or from a server used to
stream/transmit on-demand videos using various streaming media protocols, i.e. wirelessly or

over a wired network either though a private line or a public line such as that supplied by an



The input signal 3 can be derived directly fromthe source signal such as a

|ive broadcast 30 signal, .e.g. internet TV or real tine live TV or a
conf er encwocaldo20m19f rom a server used to stream transm PCOEPdEmmn4Vi deos
usi ng various stream ng media protocols, i.e. wirelessly or over a wired

network either though a private line of. a public line such as that supplied
by an WD 2012/ 022719PCT/ EP2011/ 064041 5 | nternet Service Provider. The
i nput S|gnal 3isin aﬁ'ungpnpressed format, in that it has not  been

er|

pr ocess ddteHIet MNaslTey epapt SEiflat 1S 1t AR upeqmRRTesSE farmar. dn ¢t ithag npt om

t he sour r or

e OUen BLAIAks WOLE R0, 9 KEE0 ! ARSI LEPR, e bR
clips arWlﬁClg&ﬂl dithet bé iralsﬁﬁttéﬂ”l‘alIaeillrdalrnelt\moﬂkairmﬂdsels Ohldemaddilideos ibclogans,
sports or entertainment/nmusic videos where the end user can chogse exactly
what he/bmaregaidigited touapiseres 9a clipserirangedit éte prtchanpel gpim qategaries e adybt ur ed
|nput Vi a r i i's
ot Pesti B S0n Shrelufifl IR G R 4R MtF SRERAR: LRURTREEL,

ot her f afersht svaatidiol watdlp@hd Gdlbh € Watch ivildeddisiog Nk chptaaddagit videoaidhaRspect
ratio format, such as standard 4:3 aspect ratio formats having, 720 x 576,
720 x mdws@omgﬁ ealcgorém teabe presam lpvsmlpg ip poifegeistadelonany epagtiqubarrtspe of
comonl y hayi Ox 57 .
The | npuePet i O5PRL y a8rTG b S rr b e PR AR L RS B o
2 so as ih Qnﬁ@d”ﬁébttﬂaﬂ@ fcsrhat %hélﬂ@d stzﬁfdaﬂi’4 B QspaePitiol fBinSatS RAVH dge 7R0 QGFE STV uni t's
downst reamof the noise reduction unit. 15 The input module 2 is a

couploi ngt8@rixels and &40 vWiBAPixbmerewtdesmeanf 1 & $ éormat nemineslydaving o980 txol 8Re  box

cont ai ni a n onents according to the present
|nvent|olrr‘li1%O h@m @é@%gﬁgﬁ“fﬁﬁkﬁﬁﬁﬁ@ nlfhe out put rmodul e 10 (video-out) is a
coupling unit for outputting the sanpled signal 11 to a video conpression
encoder (not shown) at the transm ssion end. The input and output coupling
uni t s carfhecopgrsignel histfedimgo mooist raductezh unat 4 hie an mous nradale sceasda candHibirSDI

20 connegtors and interfaces. The noise redHction ﬁégcess IS gptlonal and

i s tradi'ff &g% WOEE‘b‘&PPHnE"rFé“}PFFdRIQFWm%n% Awpstrepheot dhenpise 5GUGon Yalte of
filtgri nﬂlé@%ﬁ%uﬁ@z [s&NQYBli urﬁ%% ﬂng cba(nercﬁ&ysahé hgﬁg%saaﬁ @Jbﬁ%%h@r

noi se fromthe 1 ncomng si a Suc ering nethods are comonly known
in the arax canthinimythkwerahgdnt et oﬁ@nnlmnsatsfacmmhgeao meq;e@enmnp@menll eolidebe

signal such as. Mosquito noise (a form of edge busyness distortjon s tines
associ at'BdLipvise, t ?s OH{AVE FoAte léﬂa}daewéo)i Piis & $ORRINEIAtIGT Qpippitingthe $

b' ot chy Véﬁ‘g?{g {bﬁ%ﬁ@&gorﬁg@@&bmg (@XPsrho%ZaP@xle%h&)u’ss ghafy hatiRpanp! se

"sno t an pper simlar to a ran om noi se process but
not uni fmpsntcnoaphﬁgmmtmeaomlﬁrsé dut bloasslithded ar theoihdiBtdat ktahidaitdoHD/SIDI wher e
one or nore blocks . in the i mage bear no resenblance to the current or

pr ev%oouscopﬁ%t?@‘érséﬁ HBF 2565, OHiCT RS rgfeionyprofeshisantiapd nd py tragiggnatly wise
@ i erf ot d drind by Baditipnally aised
19 . SHYRL B I0EFAPLEA P B0 AREEIMURLIS S RSP UASDRE 1P

of noiset ere

present refucd SibeHNadrtdfsctd @pemien froon thd encdfiigd RivhhlNEush Ofledring OmEheds @rd.
whet her broadcast froma camera or froma satellite sL%naI or cable.
Wher eas @RENeIY S8owiDinohe a02pdliopaye fitegna noed diwm the video component of the

signal such as Mosquito noise (a form of edge busyness distortion sometimes associated with
25  movement, characterized by moving artifacts and/or blotchy noise patterns superimposed
over the objects), quantization noise (a "snow" or "salt and pepper" effect similar to a
random noise process but not uniform over the image), error blocks (a form of block
distortion where one or more blocks in the image bear no resemblance to the current or
previous image and often contrast greatly with adjacent blocks) etc. A noise reduction
30  controller 5 is used to control the extent and the type of noise that is filtered from the signal.
The type and level of noise present in a signal is dependent on the originating signal source,

e.g. whether broadcast from a camera or from a satellite signal or cable. Whereas one noise



16 filtration nethod is applicable to one type of signal, it may not be
appropriate for another signal type and nmay result in filtration of real
dat a whi cwoi2o1fazeiowi | | have an adverse effect on the sipgmaiP2gquabioty. |n
the particular exanple shown in Fig. 1, the noise reduction nodule 4 is
connected upstreamof the first 6 and %econd 8 sanpl e processing units. The
position of 5 the noise reduction nodule 4 is not restricted to that shown

in Fig. 1. For exagple it can be connected downstream of the f%ést %nd
second SAFRIY BrEeddsArRjicariPte . onf tarfopthegnabnh G sk tde P PEdREIa|ST 10§ @npther

I nvent | %ri‘%na%@?e ARy %ﬁgrr@gﬂtcitn' At &f I%anc%é?ef whithdh %ﬁ%ﬁl‘@ﬁ@@ ah B&vede Sifecp and
second anpl'e processing units, I.e. Tollowmng the scaling operation in
the firsinthasighsl qoalgeBsthagatsiciltr &xanipleshowdeia Fg dnéle dossefreduciioeehdaylethe

noi se reduction unit prior to 10 subsequently being.re-scaled by the
second sakpiecisdowsseanh gt the firsBo angd seennd;§ pamaple RrecessegowismAe Pofiten el ng
filteri ' .nQj.se r. [ ik fhe fi Vi
corpanente 5% FePERly Baiigs RLERHERITE AR M in 121" Ll SRR GiPocy

wher eby @hnég@stdowvmsetect ed tpor filsonandf séddddvikaesle Sp@oedsinks ubiealinednshet hat
it occupies a smaller portion of the space of the video signal. The video
sanpl i ngnphoduesss iohdghe eesketqoeensierothdinetetredugtion s diamerst logdted bstweke the esent
i nventi i hvol ves spatjal scaling.operation ere one or npre pixels
are 1 nt ool SR aERef 85ROl ol Far "usRRL R PR R e RaRpe T R AN o as
to map tdmpRehReéShgi HRIE, Méeidd Sihdl gk eieredUibale RisePicdBttfon bt BfiPOtAt i on
of the video signal is provided by a Digital Video Effect processor (DVE)
uni t10 i reubsequentiyseeing eedsendiéchbntthe recaddEsamtile precepsiag iudiedd.bip the dlopesed rati o

tor, F | anat i der_the image.1 |
Fro. 2 gaeritah YRR e BR5F8w, G0N ReattutbRom doe SMeRliViean o
size 72QopRAGuPdr ek signkN® ek T tho Dokt oS NABIRSLAN! Rhlb 26f Rag 4 he

hori zontal direction and represent the "active area or 'protected area' of
t he i nagelecfedmogtimorfabavid2®sighdes scaldidde thatadt d&e6pips x shalldnipgtiontdi¢heaspaces e
picture therefore suybstantially occupies 720 pixels in the horizontal

G oot ot TRAroaET: She e MR PSS EcbB it rins CpEoar et 6F var y
the actiye pPiehiUinGentdn it i |t{aD €alih ibh rbZQBtabixd eet i on,
and are tt‘?ggﬁlslg itonngIt%/) t}s‘!é(ggetsoépsﬁé%i géea lp$§%) glr%ggsg)ﬁleeéé%’n&éf%a%d gxﬁgﬁglb r?gec

ef f ect s iowRrpolaed esng valiows pes sdikhben emerpotativhelgnritloes seas canmapeabe stiected a

vi deo encoder wherehy the video signal is subjected to video conpression

al gor i t HAgge Pﬁeft%élff%éfﬂ‘ inem%arro piseai msrpolationeohihesadgo sigil it Bipvided dy a

utilisedy: | 4 j ' ; hO4; vart i ni.egr at ed
W thi o e SRERR RSBl AT LR BSnReknl BbRuRRR G B IER
sanpl e gryvidad bgiggnaspesoratib adont/reora®ot \eeplati®aryopurpbses| cBpRIec alie oBayep)2 a
different pixel area to the incom ng video signal. Aternatively, the video
sanpl® nghpwadeEig Agewpeiedby anideanignal andhryingad apect wEows d:3omdsotizanile or
firmare; / . 0 .di i I t he
psychopﬁ?@%%%ggﬁ%sgéﬁéégggg%ggégé%%%gﬁﬁgég%én®ggg%gg@%géggﬁﬁggdiﬁxégb?k,
2nd Edi tth@nictive higed iom ‘pradéctadbed bhenhdinime. Foishakresy FRepitdwikt aet sThanges
or distortion in an inmage is nore sensitive in the vertical direction than
in the BrdohighoHealctige medwiegherefiie sestngalliaagcupirang@spindelen the hagonighge
are pr ef(ﬁrrealll}/ \ﬁar joma‘r{dI fnqcl'ijnsednitisnrt hemt?lorrci ont al‘ia fjitr e%t ! ﬁln'acgi_be\l\el\éteré this
is not tBeSEYT AU NISE YD WS LT PYREFTCHTY SK11°BK 18 abt Hs AU R Ef
scaljsng PRAah dfth&@he dbrficdl Wr @drifsttal diebticH, an® bRf efdRIngIIKeRld tb @ré"v@d@;ﬁbt@i‘é ~that
is not discernible to the human eye. In the particul ar exanple, shown in

Fig. 3, sqheezingrand expaiwlngseligels orga sereen. @ hisaprdifiesent e thei peeessasgamledswt ithat
the act iav%dgé %gco%fer %v%gre. {/T?lgeeviggg ls‘ﬁ%ha‘?sis %ubjected to video compression algorithms. In
the particular embodiment, the present applicant has utilised the sampling unit present in an
aspect ratio converter integrated within a Corio (RTM) C2-7200 video processor, having the
30  facility to sample a video signal so that the active area of the image can occupy a different
pixel area to the incoming video signal. Alternatively, the video sampling processing

operation can be performed by the use of software or firmware.



10 smaller portion 14 of the video signal in the horizontal direction. Mre
preferably, the process of sanpling the video signal involves spatially
scal i ng twe 2oi2dee718i gnal to a first video signal 6a. | nPChEPR@NGMUl ar
exanpl e, the scaled video signal (first video signal) occupies 60%of its
original size in the horizontal directf n (represented by 14 in Fig. 3) and
therefore the active area of the image ‘occupies 0.6 x 720 pixels (= 432

pi xel s). The remai ning 288 pi xel s 15 have been renoved or set to a default
pi xel value to show black and thus, when viewed on a screen, black bars or
LS Aot (BPRGAL HiochkMicRlfgSQ! o NuBEMRIREPInblied TREG The
spatial scali operati on has & atfect Jof squeezi ng the actTve area over
a snal | errotussibgr AbBopikx elsEditiop), Xied ligitiad viticlt He lendnzdmiaklsy dém eat idetect
Theoretically, such scaling operations involve cancelling one or nore

nei ghboUhRRZSS RRIX GBI H AR GRS IsoMofh SABHIYE df | tBe VsHicah dBeciongthanan kg ght ed

coef fi cien t whe e r [ e i VA
intergHﬁ?%%“%%Pﬁ%”%@t&ggﬁﬁggjg@gﬁ@ﬁ%gfﬁﬁggﬁﬁéﬁggﬁgg§gﬁbh#%%ﬁggIﬁ%ﬁyﬂ ose
t hey ar gospad ii@kheyhdrizohtae dirédti@ft Hpivsedr, thiBIest @b 8ays Ui chandles Hgtheedniab t he

effective content of the video signal. This could be by a |inear
i nt er pol dtecden eeether gatal whdngwperaensaarplad owt butease pieserably kepiriown xtent ed

out acraqgs the w dth of the innge, i.g. the mddle of the i (S

ani or megy g JacupRlp s PR b e Al Etafod oo dE I SaR S ¢ ne

| mage,  QfidddsampRdiuhit BQ%pl'emH%rleﬁo_as‘i%tﬁﬂ sé Bahihe Ab@ve drdn Yhthe ngiefdeeuReda part s
of the image are "squeezed" to a different extent, typically the |eft and
ri ghto exsnraed ppionbkt 0f theyviskee etnabfre thehberizontal wWirdetian. Mrge queferblyedhgi xel s

carry little data of significance to hu vi sual ,.perception and therefore
30 the dUeiSh Pruapre Rty e S ERE Rypes S ghat s Bk Rrabed (et
reduci ng; Rl GLITY ek bdfﬁ&ﬁar@*ﬁﬁlbk}’thelsm@@&%gls%nﬂmwcﬁémgﬁﬁl) bb&pldsfedt, Vi deo
sanpling unit 6 is a second sanpling unit 8 (see Fig. 1) connected in

seri es wftits arlgmal size in ferpirizogaludiiectién (Epickowédigy Woin Fig. 3) and therefore the

S el R N
sanmpl i n L . ( aling, e or : essed
sional Igybseth @028 bib o Sia@nle i Palbff SRECHLARRGS SIRhIIG ety 8 11
this context, the conplete or total signal represents a video signal that

i s abl e sceep)idakkclearaor pdsoeriabiid appedrut eitioar salesithaidtse dreppifale theagec€he i . e.
conponents-%f t he video iignaligave not .5 B;en,split in any way. As fhomn
in Fig. SPatig)sealigeonerenen hagiheeflss Afanvseapedhs agiyernrd aver smpllegadndshpl i ng
unit, t ' r : ¥ [ . Sarpk i I (; jally
re-scal gﬁ)ﬁél%@g@ﬁé % gi]c%ﬁge f\}al)%%tgta\s{ éi%gﬁ"%g Tgén(%r?gc 8 Hg’ostugllé §%a§ﬁ%8 @%S{;&ls 1R

subst antdaadellihgt bee Sanmorei K&bhigutidg gaxdhdy i apaeeess of lisetpopition vordaeokegnal
i.e. the first video signal 6a is upscaled to a second video signal 8a (see

Fi g.201) . weightedhceetbigient methed phegly the tacgskpixplpecanes the ligearygiegpolated value

i LV .. . i f , %, .
Por T gont S Pesadiab P b el B EEEEA BT hoR i B Bk s8R T oisel, | o
unit i s THRkefeRPabh 8calihg SedicePiiealffetse0ddiltdn® DY thd Vidédsighdl €Sk oula Wbyl DN,

t he upscal ed signal follow ng the re-Processing step by the second video
sanpl i nding@i integpolatica teddmimmgavheregnyahe sepling epicessapusiferndy eynpd evteacsesstler al

vi deo- out. .si | .11 suitaple.for eding diregtly into sui.tabl e video
compr esstigl 8 Bisdbiet st W UdE¥ of BHEs §t BAR ISt Rt R RS o
t he secanghe\dxefP a§ AWPEdgRY of et imagBeorasit 4 Vien-Bh&a i@brpohgioh A&ARI quE SRvAsENt ed
by 20 in Fig. 5) is spatially scaled so that it is nmapped onto a |arger

pi xel ardsfierentnpartyi of thaswage7a® “piuceres!”itn a dieteor extenit tipicdily detleband Tight 288
raw pi xel  data RES line %{e | o t_%n thﬁ first processing operation and the
remai ni AgUERYSSIPRELSILFEES @9§3ﬁﬁ} 8§ he second sanpling processing unit
usi ng any suitable mathenmatical al gorithmknow in the art. These include
20 but are not limted to feature and/ or edge detection software

al gor i t Hite. cakicalled @rxelstdasy dittth ddtonbbigpligaice tahemar esizh pedeptoni ant ¢hgrefoat | on
techniq%ﬁs and therefore, hasedq on a nat hemati t echni que whereas the

al
or i gional NpioY el RIS thay)iden Alenanirs, DGR etRsr a s 6RltS BROGEH ai ned
after tNealyuataoeIRhosess idwlfeinCamRlcCHrst RRot Aphink QiTaé oA &RbHd ed by
the origin nput video signal because the additional pixels, in this case
288 pi xehmplidduhiaBe(sbebry. Mhdenneptedat hewees oathlthe fresk isagplidgeurtias kFafowéme odi ng
t he video signal by conpression techni ques easier and | ess conplicated.
Moreover, the picture quality of the video signal follow ng the spati al
scaling and re-scaling process is substantially preserved so that any
conpression artefacts introduced into the signal follow ng video
conpressi on by the encoder have very little or no discernable effect on the

ey



30 treatnent of the video signal by the spatial scaling and re-scaling
process prior to feeding into the video conpression encoder according to an
enbodi mrerwoab12te71pr esent i nventi on, woul d nean that | ePeTAaERIIR®6iME Vi deo
conpression is subsequently required by the video encoder in WO

2012/ 022719PCT/ EP2011/ 064041 19 order to achieve the sanme | evel of
reduction in bandw dth and thereby, miimzes any artefacts or distortions
bei ng introduced_ into the vide %i nal. In the particular epbodi nent, the
first sdipsesHpe ahibe vileqsignalduotie lésgﬁﬁpplﬁbg Wb tn 1%@%@@@8@% ePgber
signal i i : e Ik . T his. . ner cand,
and 1 n theeptdcSed Bl AR o€ ah o R i e d o E AR AR S RO B0
frames peis warkdhé oomplrensdta signdlhvgpresdnteaciledstsameal hht ishdld wopratiagen
spatial scaling operation, the first video sanpling unit spatially scales
at | eastregsopdile pshire ontanwitghleg display gigice ficafampynentsapfehe wide slgngli hge nghd t he
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be spatial |y scaled by nore than two sequential sanpling units. Howeyer, as
data s okt SRGH G4ah BTG LAR HUM POt as G ot HUnSRPBNE Ue Dot e oh
the i dew) 50k 95Y GRS il Lifyhing SRR BhoRER 4G APSG AL RBRERIBN O De

bal anced to the extent re 1s no noticeable change™ n the quality of
t he vi ded inrfages)as spaeinityesoaked sbythdthieishoappad vhumalargy pixehaende this cass, 725
re-scal ed by the upscaling sanpling unit(s). In one epbodi nent, the_scaling
and re- sIE’éﬁ?% iy they g%%%“"éa TGGBOIbeTQ‘brzﬁ%cFaWyp‘ée]s H@ée&%ﬂaﬁ yf Rt B thsafirst wo
sanplin J b i j: tf e .VJ Si oo d and
o Scal dytiesr B RBIRGL B4 WA REK R S R b R B e P S

| ess notpre@asihg udit Sisitdn@nsuitablé Meatiopnadticdlyal gdrithineknonaeia theattadtedefintlbge dat a
content is renoved.in a series of smaller steps_as opposed to renoving a

| ar g8 arktiritre gt Jotikd @afeatuexnndint odge ssiechon spityareaglgonthmss Hesievarais i ng

uni " e SLARM BRES dhficat 0201 | IPIRCASIaHR LA dRL | aha' BRI B2
mathematical technique whereas the original pixels carry the raw data. Thus, the overall
information contained after the two stage process is less complex than the information

carried by the original input video signal because the additional pixels, in this case 288 pixels,

25  have been made up mathematically making the task of encoding the video signal by
compression techniques easier and less complicated. Moreover, the picture quality of the

video signal following the spatial scaling and re-scaling process is substantially preserved so

that any compression artefacts introduced into the signal following video compression by the

encoder have very little or no discernable effect on the picture quality. More importantly,

30  treatment of the video signal by the spatial scaling and re-scaling process prior to feeding into

the video compression encoder according to an embodiment of the present invention, would

mean that less aggressive video compression is subsequently required by the video encoder in



WO 2012/ 022719PCT/ EP2011/ 064041 20 A third control system 11 a shown in
Fig. 1, connected to the control unit 5 of the noise reduction unit and the
control uwpt20i2/mpapating the first and second sanpling eoTiEP2@loewst t he
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encoder ‘the first spatial scaling operation needs to be balanced to the extent that there is no noticeable
change in the quality of the video image as perceived by the human visual system once it is

25  re-scaled by the upscaling sampling unit(s). In one embodiment, the scaling and re-scaling
process can be performed by a succession of more than two sampling units connected in

series so that the video signal is scaled and re-scaled more than twice. This may be beneficial

where there would be a less noticeable distortion to the quality of the video footage if the

data content is removed in a series of smaller steps as opposed to removing a large amount of

30  the data content at any one time and the final sampling unit re-establishes the video image to

substantially the original size after the downscaling process.



At the transm ssion end foll owi ng conpression of the processed signal by
the video 5 conpression encoder, the conpressed signal is in a formto be
transm t two 20r2/@en® to a delivery device such as a servecT@mP2@aiPoeiont of
Presence (PoP) unique to an Internet Service Provider or Content Delivery
Network (CDN) for distribution to or qﬁfess by end users for display on a
sui tabl e display device. Transm ssion t0 end users can be either through a

wired network (e.g. cable) aor wirelessly. The deljvery device tenporarily
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derived pixel data which carries | ess data.
be performed by software or firmware, each software type providing the functionality of the
different stages shown in Fig. 1The arrangement of the components 1 shown in Fig. 1, which
25 includes the first 6 and second 8 video sample processing units and the control unit 5, 6 can
be in the form of a unit having an input port 2 for receiving the uncompressed video signal 3
and an output port 10 for providing a complete output signal 11 to a suitable video
compression encoder. The unit housing the arrangement of components 1 can be any suitable
casing and thereby made portable, allowing the unit to be retrofitted to an existing video
30 signal processing system prior to video compression encoding in an encoder. In addition, the

unit can be sealed or provided with any suitable tamper indication means to prevent

tampering to any of the internal components. The input port 2 and the output port 10 of the



WO 2012/ 022719PCT/ EP2011/ 064041 23 Cains 1. A method of pre-processing at

| east a portion of an incom ng video signal (3) prior to supply to a video
conpr essiwg 2erxgne@ApP, in which the pre-processing conpri PEI/EPR@1896pE i n t he
order of:- 5a. spatially scaling at |east a portion of the incom ng video
signal (3) to forma first video signzﬁj and i mmedi ately foll owed by b.
spatially re-scaling at | east a porti of said first video signal to form

a second video signal such that the conplexity of the second video signal
is |ess Ltnﬁa&eft Aeshed hpe ek figy 1phopgRg thscorn et g goupgrents ( spn be based on
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i ncom ng video signal (3) in the horizontal direction and step (b) .
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10  whole or part the compressed video signal. This could be as discrete packets each packet
representing part of the compressed video signal which in combination forms the complete
video signal. Altematively or in combination with the end user the compressed signal is

decompressed for display on a suitable display device.

15  The invention correspondingly provides a computer readable storage device comprising one
or more software or firmware components for pre-processing an incoming video signal

according to the methods described above.

A typical television picture from a video signal contains a safe area which is the area of the
20  screen that is meant to be seen by the viewer. This safe area includes the ‘title safe area’, a
rectangular area which is far enough in from the edges of the safe area such that text or
graphics can be shown neatly within a margin and without loss or distortion. On the other
hand, the action safe area, which is larger than the title safe area, is considered as a margin
around the displayed picture from which critical parts of the action are generally excluded, to
25  create a buffer around the edge of the screen so that critical elements are not lost at the edge
of the screen. Beyond the action safe area is the ‘overscan’, which is the area that is not
meant to be shown on most consumer television screens, and typically represents 10% of the
video image. As a result, the broadcaster intentionally places elements in this area not
intended to be seen by the viewer. Traditionally, the video signal contains information from
30 the overscan which is fed directly into a video streaming encoder and therefore, part of the
encoded video signal also encodes additional wasted space. The present applicant has

realised that by removing the component of the video signal associated with the overscan, the



4. A nmethod as clained in any of the preceding clains, wherein step (a)
and/or step (b) is/are carried out by interpolation of the pixels in said
at | east woporzazenoof the 25respective video signals. WOI/EP2011/064041

2012/ 022719PCT/ EP2011/ 064041 24 6. A nethod as clained in any of the
preceding clains, further conprising the step of filtering artifacts from
the video signals. 7. A video conpres nunit (1) conprising
pre-processing means,.in which the preprocessi ng neans.  conpri ses 5a. .a
first vioewleEmtithyvidsr siged) thafpis sybseqeinly fnregsdedntts pher r&ﬂwdszﬁﬁés at

| east a ppiti I peom i sl oqf.orm:a fins '
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(8) operdtech@l by ai nrao@acrogorapad t@tHeyarécopled bitthd easican apdthsomyafatsai d
first video signal to forma second video siﬁna_l .of |l ower 10conplexity than
the i ncdeveryl Wicdeverssagnisl aytamatiqelly destedies &) the, liphige : sizes gf dhes sergen itk o
signal conpri . | . Si i Lng i nt . Vi
conpresal DAL S, EprfeMiRor 0F this {030 pRsBRHE Sthol ' Fefictl 850576 o 1
A ai m 7, picniprths ivegical difatis)l Berhd And &fplanation above with respect to the sampling

process, the enlarged image is less complex than the original signal due to the absence of
complex pixel data and the presence of mathematically derived pixel data which carries less

data.



15controlling step (a) in sequence with step (b). 9. A video conpression
unit (1) as defined in daim7 or 8 wherein the first video sanpling unit
(6) and twe 28ednem9vi deo sanpling unit (8) each conpri seCa/Erededcssnl i ng
unit. 10. A video conpression unit (1) as defined in any of Clains 7 to
9, wherein the first 20video sanpling unit conprises a first Digital Video
Ef fect processing unit and the second i deo sanpling unit conprises a
second Digital Video Effect processing unit. 11. A video conpression unit
(1) as de®iMed in Caim 10, wherein the first Digital Video Effect

processi ngyunj . Se i rat | t g : d
D1 gi tal Vi dog: BRSOt PR RetehliSh I SPERIrb ol GROKE e lthel (5 prEE N
converter. 25gplyAovd dideo commpressisn @ficader, tin (Whictathedatipnedsding aoyipiides tihe
clainms 7 to 11, further caonprising a noise reduction nodule (4) to filter
noi se from atstépsagtheprd@safi-on of either or both video signals. WO

2012/ 022719PCT/ EP2011/ 064041 25 13. A video conpression unit (1) as defined

in Gsai m12, wher %F)Qtiéll@escélﬁi_gsﬁ 1ERAN G o Robfhle ides GBRAGE B KRHLS €am
of the first signal processing unit (6) so as to filter noise Tromsaid at
| east a porti on foft videe signebandgnmedigely$olpvadd Hy3) before transmission to the
first video sanpling unit (6). 514. A conputer readabl e storage device
conprising one Qr 0 r : S - i ng
T ncom g vi dSo AR IR & 10k § G S TR AL LR R A5ERE

video signal such that the complexity of the second video signal is less than the

complexity of the incoming video signal (3)
10 characterised in that:-

the second video signal provides a complete input signal for inputting into a

video compression encoder.

2. A method as claimed in claim 1, wherein step (a) comprises the step of downscaling
said incoming video signal (3) in the horizontal direction and step (b) comprises the

15 step of upscaling said first video signal in the horizontal direction.

3. A method as claimed in claim 1 or 2, wherein step (a) comprises the step of spatially

scaling said at least portion of said incoming video signal (3) in the horizontal

direction so that it occupies a smaller portion of the active video signal and step (b)

comprises the step of spatially re-scaling said at least portion of said first video signal

20 in the horizontal direction so that the portion of the second video signal occupied by
the active video signal is substantially equal to the portion of the incoming video

signal (3) occupied by the active video signal.

4. A method as claimed in any of the preceding claims, wherein step (a) and/or step (b)
is/are carried out by interpolation of the pixels in said at least a portion of the

25 respective video signals.

5. A method as claimed in claim 4, wherein interpolation of the pixels is by means of

linear interpolation of said at least portion of the pixels.



15. A method of producing a conpressed video signal conprising the step of
produci ng a conplete input signal by the nethod of any one of clains 1 to 6
and conpreenreg2gapd 10conpl ete input signal. 16. A net [reu/ER301¢i06doned i n
claim15, wherein the incomng video signal is a transmtted and received
video signal. 17. A nethod of transnitigng a processed video signal
conprising the steps of: . receiving a conpressed video
signal produced by the nethad of ¢laim15 or 1516; and .. .
transmtti Ag 2 My €8 19iaaiéé’%éliegPFSFe.dl%?lalﬂlsrT@{fﬁ@H coMPEiting &5 tien 98 a
processed vi S ' ph conprising the steps of:
a. receivingqgggg%%ﬁgéggﬁ&éﬁgéﬁﬁgfgg%#gproduced by the nethod of claim15
or 2016; b. deconpressing the conpressed video signal to produce a
deconpr esséd #idéey somprassioraneit (1) comprising pre-precessingmeaans, tin ryghieththe pre-
deconpressed vi deo si%nal. 19. A method of displaying a processed video
si gnal conpr iBPHG PHETEHYEPEFS 25a. receiving a conpressed video signal
produced by the nethod of claim15 or

5 a. a first video sampling unit (6) operatively arranged to spatially scale at least a

portion of the incoming video signal (3) to form a first video signal, and

immediately followed by

b. a second video sampling unit (8) operatively arranged to spatially re-scale at
least a portion of said first video signal to form a second video signal of lower

10 complexity than the incoming video signal (3)
characterised in that:-

said second video signal comprises a complete input signal for inputting into a video

compression encoder.

8. A video compression unit (1) as defined in Claim 7, comprising a controller (7) for

15 controlling step (a) in sequence with step (b).

9. A video compression unit (1) as defined in Claim 7 or 8, wherein the first video
sampling unit (6) and the second video sampling unit (8) each comprise a video

scaling unit.

10. A video compression unit (1) as defined in any of Claims 7 to 9, wherein the first
20 video sampling unit comprises a first Digital Video Effect processing unit and the

second video sampling unit comprises a second Digital Video Effect processing unit.

11. A video compression unit (1) as defined in Claim 10, wherein the first Digital Video
Effect processing unit comprises a first aspect ratio converter and the second Digital

Video Effect processing unit comprises a second aspect ratio converter.

25 12. A video compression unit (1) as defined in any of the claims 7 to 11, further
comprising a noise reduction module (4) to filter noise from at least a portion of

either or both video signals.



16 or transmtted by the nethod of claim17; WO

2012/ 022719PCT/ EP2011/ 064041 26 b. deconpressing the conpressed video

si gnal ; aw0 2012/deAPl ayi ng t he processed video signal. 2@CTAPd@hiogseny devi ce
conprising tenporary or pernmanent storage storing in whole or in part a
conpressed video signal produced by t met hod as defined in clainms 15.

521. A delivery device as clainmed in , Wherein the delivery device

conpri ses a_server or a Point of Presence.or_an |Internet Service Provider
or rrg Cont eh? M{quwmr%ﬁ (1) as c?e%necia in Cla?m 12, whereeln the noise reduct?on

module (4) is connected upstream of the first signal processing unit (6) so as to filter
noise from said at least a portion of the incoming video signal (3) before transmission

to the first video sampling unit (6).

5 14. A computer readable storage device comprising one or more software or firmware
components for pre-processing an incoming video signal according to the method of

any of claims 1-8.

15. A method of producing a compressed video signal comprising the step of producing a
complete input signal by the method of any one of claims 1 to 6 and compressing said

10 complete input signal.

16. A method as claimed in claim 15, wherein the incoming video signal is a transmitted

and received video signal.
17. A method of transmitting a processed video signal comprising the steps of:

a. receiving a compressed video signal produced by the method of claim 15 or

15 16; and
b. transmitting the compressed video signal.

18. A method of transmitting a processed video signal characterised in comprising the

steps of’

a. receiving a compressed video signal produced by the method of claim 15 or

20 16;

2

b. decompressing the compressed video signal to produce a decompressed video

signal; and
c. transmitting the decompressed video signal.
19. A method of displaying a processed video signal comprising the steps of’

25 a. receiving a compressed video signal produced by the method of claim 15 or

16 or transmitted by the method of claim 17,
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26

b. decompressing the compressed video signal; and
c. displaying the processed video signal.

20. A delivery device comprising temporary or permanent storage storing in whole or in

part a compressed video signal produced by the method as defined in claims 15.

21. A delivery device as claimed in 20, wherein the delivery device comprises a server or

a Point of Presence or an Internet Service Provider or a Content Delivery Network.



