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ABSTRACT

The major gain in video coding applications compared tolsiimg-
age coding is the use of temporal prediction, which explbiéscor-
relation between adjacent frames. However, in high quaiitigo
coding, especially lossless video coding, the compreggiim of P-

frames over I-Frames becomes very small. The reason forighat

that the reference frame for inter prediction is not goodugihg and
therefore the amount of inter-predicted blocks in a P-Fraem®ames
relatively small compared to the number of intra-predidiedks. In
order to generate a better predictor for inter-predictiee,propose
to remove additive noise from the reference frame using aptac
Wiener filter. This way, we could achieve a maximum compssi
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[7], [8]) have been proposed, which should be applied to tisyn
image sequences prior to encoding. In the latter it is shdvahthe
noise prefiltering can be done inside the video encoder. ,Tthes
bitrate for coding a noisy image sequence is reduced wisilsub-
jective quality is improved. However, the prefiltering pess intro-
duces errors, which is not allowed in lossless compresdiedeo

signals.

Another approach for bitrate reduction is in-loop filtering
lossy encoded video data. In [9], [10] and [11] it is showrt tha
lossy coding a deblocking filter or quantization noise reahditer
(the algorithms are developed for high quantization insidedeo
encoder) can improve the coding efficiency as well as theaVisu

gain of 4.6% and an average compression gain of 3.3% in @intraduality of the signal. Also in [12] the authors show that do

to the H.264/AVC standard for lossless coding of high quafitage
sequences without affecting the encoding time noticeably.

denoising filter for reduction of impulse noise leads todi#rreduc-
tion and subjective quality improvement. Because the roaet
in-loop filters modify the visual output signal, they can betused

Index Terms— Lossless Video Compression, Predictor Denois-qr gssless coding of image sequences.

ing, Motion Compensated Prediction

1. INTRODUCTION

Professional video aplications such as monitoring sysfemtsuild-
ings, industrial manufacturing, and medical applicatineed video
signals with very high quality. These signals are likely &vé very
high resolutions in spatial as well as temporal directianth®e un-
compressed data can become very large. For that, it is iaptoid
compress these signals as much as possible without visilolema-
tion loss. For example, the DICOM standard which has been-int
duced for medical applications uses the JPEG-LS [1] andRE#£33
2000 [2] standards for high quality compression of medicages.
In Digital Cinema, the JPEG-2000 standard is used for cossiwa
and archiving of digital video material. However, thesadtrds do
not exploit the temporal correlation in image sequences.

In this paper, we want to show how the additive noise can be

minimized, whereas keeping the coding process losslesaninast

to the mentioned algorithms, we do not modify the visual atitp
signal. Thus, it is possible to achieve a higher compressitsfor
lossless compression of video signals. We use an adaptigaedVi
filter, which is implemented in the spatial domain for demajsof

the reference frame only. This way we generate a bettergicedor
inter-frame coding by a low commplexity algorithm.

2. DENOISING FOR MOTION COMPENSATION

In this section, the motivation for the denoising of the refee
frame will be reviewed and the denoising block in the enccuoet
the decoder will be introduced. Figure 1 shows a block diagra
of a lossless video encoder. For simplification, the blodgtim

Other recent video compression systems such as VC-1 [3] ani§ observed at one specific time point, where only one intné&

H.264/AVC [4] exploit the temporal correlation between gea, but
they are optimized for consumer quality applications. [ {fse au-

glz,y] has to be coded and another motion compensated reference
frame f[z,y] is available. Lossless coding implies the absense of

thors compared the H.264/AVC standard with the JPEG-200 st quantization as it can be seen in this block diagram. Theo@kol
dard when high resolution image sequences were coded wiyh ve stands for any further decorrelation of the error signal. (iossless

high quality. They showed that at very high quality intearfre cod-
ing of H.264/AVC becomes less efficient relative to intrarfre cod-
ing of H.264/AVC or JPEG-2000. It is expected that the redson
that is the (additive) noise within a video signal, whicheaft the
motion compensated prediction inside a video encoderttEcdn
order to improve the coding efficiency, different algorith(ne., [6],

reversible transformation). ME/MC describes the moticimeation
and motion compensation within a video encoder. Ehé-block
illustrates the reference picture buffer. The WF-Block idemois-
ing filter, which will be introduced in this section. The EQobk
describes the entropy encoder whithin a video encoder.

The subtraction of the motion compensated predicted frame
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Fig. 1. Diagram of the lossless encoder.

from the actual frame in a video encoder is described by thewe
ing equation:

6[$,y] :g[z,y]—f[x,y], (1)
wherez andy are the spatial coordinategz, y] is the signal which

describes the actual frame which has to be compre§$eﬂy] isthe
predictor signal which describes the motion compensatfeenece

frame ande[z, y| is the error signal which has to be transmitted to

the decoder after transformation and entropy encoding.ursyy
that the image sequence is degraded by independent addhite
noise, the signals can be written as:

2
3

wheres, is the useful part of the signal and, is the noise part of
the signal. From (1), (2) and (3) it follows that
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From (4) it can be seen that the error signal consists of twj@ma
components. The signal componeanfz, y] can be minimized if the
correlation between the actual noise-free frame and theerfoge
reference frame increases (i.e., no motion occurs betviesse ttwo
images). However, the noise componen{z,y] becomes higher
because the noise of the actual frame is independent fromaise
of the reference frame. In case of additive white Gaussi@gsenthe
noise variance of the error image becomes twice as big aike n
variance of one of these two images.

In lossless coding applications the noise part of the agigal
ture has also to be encoded. In order to increase the congress
ficiency, the noise in the reference frame should be minidhizith-
out introducing high degradations in the useful part of tigmal.
This would allow to minimize the noise amount in the erromsig
whereas keeping the coding process lossless.

The WF block, which is introduced in Fig. 1 is a denoising filte
for additive white Gaussian noise, is located on the sameepla
the diagram as the usually used deblocking filter in lossyngpdp-
plications. Before saving the actual image to the referdnigter it
should be processed by a denoising algorithm. The dencéditgy
rithm should be adapted to the noise nature present in tke®yvilh
order to keep the coding process lossless, the same precstuld
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Fig. 2. Diagram of the lossless decoder.

be applied in the decoder. In Fig. 2, the diagram of the |gssiie-
coder is shown. In this figure, the ED block stands for an @mtro
decoder. Also in the decoder, the reference picture is fasbsed
before it is stored in the reference picture buffer. The méjtier-
ence to a quantization noise removal filter or deblockingrfil that
the image should be displayed before the noise filtering jdieqgh
because otherwise the encoding/decoding process woulzbrioss-

3. DESCRIPTION OF THE DENOISING ALGORITHM

In this section, the denoising algorithm within the denmgsblock
in Fig. 1 and 2 is described. We suggest an adaptive Wiener filt
algorithm to be used for reduction of the additive white rdisthe
reference frame. The filter minimizes the squared error detwthe
noisy and the noise-free image sequence, which is the nafuae
Wiener filter for Gaussian distributed processes. Furtbeemthe
filter prevents smoothing of contours by using of local stats of
the image signal, which is important for accurate motion pem
sation. Moreover, this filter algorithm does not need anpdfar-
mation to a frequency domain, so it can be applied directlyhen
spatial signal.

In a local region where the signal and the additive noise are u
correlated and are considered to be stationary, the Wielter i
described by

i 72,
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where® ;¢ (e’ /%) and @, (e’%=, ’*™v) are the power spec-
tral densities of the signdl[z, y] and the noise:[z, y] respectively.
In the case of white noise the power spectral density is edite

D (777, 7MY = o7, (6)

whereo? is the space invariant variance of the noise sigrial y).
The signalf |z, y] can be modelled by a sum of a space variant local
meanyy [z, y] and a space variant local varianeg{z, y] (the reader

is refered to [13] for more details). If the signfllz, y] is zero mean
the power spectral density within the local region is redutte

)

where_aj% [z, y] is th_e Ipcal variance o_f thc_e image_sigrﬁh y]. Thus
the Wiener filter within the local region is described by

19 jQ 2
q)ff(ej 76J y):Uf[xvy]v

oflx, y]

H( )y = 00
( ) oflz,yl+od

(8)

Generally, the signaf|z,y] is not zero mean and thus the mean
wrlz,y] has to be subtracted froifiz, y] before filtering and has to



be added again after filtering. The filtering process is desdrby  frame we have used the algorithm which is described in Se&io
the following equation: A uniform window of 3x3 pixels was chosen for the calculatimn
the local statistics}/ = 1). The knowledge ob2 of the noise
_ U? [z,9] 9 within the degraded image was used for denoising of the enter
plz,yl = Hf[%yH—U? [, 9102 (gl yl=nsleD) - O)  frame. Because in this case the noise-free image sequeavailis
able too, it is possible to show a theoretical bound accgrdn
The noise variance? is assumed to be known (i.e., from the acqui- the argumentation in Section 2. Therefore, the noise-freege
sition process). sequence was used for motion compensated prediction ofibg n
As the noise is considered to be zero meafi, y] should be  image sequence. This way, it is possible to minimize theeniis
equal tou, [z, 3] and the estimation of the local mean is reduced to:the error signal. The coded sequence has very low motiovitgcti
so the bitrate for P-frames should be much lower than thatbifor

M oyt M I-frames. In the case of the noise-free image sequence,ittiageb
fiflz, y) = 2M 1) > g (10)  for the I-frame is 2.12 bpp (Y-channel) and the average teitfar
k=z—M l=y—M the P-frames is 1.11 bpp (Y-channel). The coding resultthisrse-

guence degraded by additive white Gaussian noise can bevelise

where M describes the window size in which the image signal is;, Figure 3. The figure shows the bitrate in dependency of tigen

considered to be stationary. The estimation of the locaamae of
the noise free image is described by the following equation:

. 52z, yl — o2, if &2[z,y] > o2

whereé?[z,y] is the local variance of the degraded image, y].
The estimation 052[90 y] is described by the following equation:

x+ M y+M

Gola,y) = 2M+1 S0 (kI = fsle,y)?, (12)

k=x—M l=y—M

_ bitrate (Y) [bpp]

From these equations it is clear that noise reduction isirudxa
by averaging the pixel values in a rectangular window in depecy
on the local signal and noise variances. Choosing a largadow

by variation of M leads to higher noise reduction, but it also intro- oy — * —Intra only |
duces more blurring of the useful signal part. Therefddecan be o P-frames (H.264 original)

h g e ! g part. € 7 —— P-frames (adaptive Wiener filtered reference frame)
considered as an optimization parameter for the losslespies- A —4— p—frames (ideal noise—free reference frame)
sion. Also the variat_ion of2 can be_conside_red as an _optimization 2% 10 20 30 40 50 80 70 80 90 100
parameter. Increasing? leads to higher noise reduction whereas ~ noise variance (Y)
the useful signal part is more blurred. Fig. 3. Influence of the additive white Gaussian noise within an

The local filters in (9) - (12) have a low computational comple  jmage sequence on the compression efficiency.
ity and therefore do not affect the encoding time noticeably

variance within the image sequence that has to be coded.oWees |
4. SIMULATION RESULTS a curve is located in this figure, the higher is the compressatio.
The bitrates of H.264 standard, H.264 with adaptive Wietieriing
Different simulations have been made in order to evaluageeffi-  of the reference frame, and H.264 with the use of the idealenfyee
ciency of the introduced denoising block. The proposedrélyn reference frame are compared in Fig. 3.
in Section 3 was implemented in the H.264/AVC referencensi It is not surprising that the compression efficiency deasas
JM15.1 [14]. All of the presented test results above wereeggrd  with a growing noise variance in general. Also, it is cleaattthe
with the 4:4:4 predictive profile, which supports losslessagling,  efficiency of P-frames compared to I-frames becomes lesspit
and the standard parameter sets for lossless encodings Betttion,  uncorrelated noise between adjacent frames is presene ivideo
two test results will be presented. signal. However, the curves determine that the compresshim
In order to investigate the influence of the noise on the cesipr of the P-frames over the I-frame decreases rapidly when tB64H
sion efficiency, we degraded computer generated image (641) standard is used. If the reference frame is filtered by thetada
qguences from [15] with different amount of additive whiteuSsian ~ Wiener filter before motion compensated prediction, theaye bi-
noise, and coded them afterwards. Here, we present theagionul trate for the P-frames becomes noticeably lower than thatbifor
results for theBig Bucks Bunngequence beginning with the frame the I-frame. For example, if the Y-signal contains additiviite
2000. This sequence has a resolution of 1920x1080 pixelgloa ¢ Gaussian noise with a variance of 21.4, an average H.26dastén
bit depth of 8 bits per channel, and a framerate of 24 framesge  conform coded P-frame saves about 1.8% of bitrate in compato
ond. 100 frames of the sequence were coded. The first frame waise I-frame. When the proposed algorithm is used for demgisf
coded as I-frame and the adjacent 99 frames were coded agiedr the reference frame, an average P-frame saves about 5.2%até b
For coding of the P-frames, 5 reference frames were used. and if the ideal denoised reference frame is used the beeategs
First, the sequence was coded with the reference softwar®r an average P-frame is about 6.7%.
JM15.1. Afterwards, the same sequence was coded with the pro As mentioned in the previous section, the test results can be
posed coding scheme in Section 2. For denoising of the rafere improved by variation of the parametef of the adaptive Wiener



filter. Coding of the above mentioned sequences usifig,, = 7. REFERENCES
1.6 - ai,seq leads to slightly better compression results. For exam-

ple, if the luminance channel of thgig Bucks Bunngequence is  [1] Marcelo J. Weinberger, Gadiel Seroussi, and Guillermpi®,
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bitrate savings.
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algorithm and G is the gain of P mod. over P orig %
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