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ABSTRACT

In this paper,we analyze th performance foMotion
JPEQR000 for wirelss goplications This nev standards
basel on intra-frane wavelet oding. Maion JPEQ0Q
is offering a numbe of very compeling advantagewhen
compare to state-of-the-ar MPEG4 video coding
Wavelg coding achieve vel high coding éiciency.
Furthermore becaus frame ae inta mded, it is vey
error-resilient Finally, Mdion JPEG200 requirs lov
complexity suppors very efficient scalability ard
introduces minimd coding delay. In this paper we
propose an analys d the performance fo Motion
JPER000 and a comparisomnith MPEG4 in terms
coding dficiency, eror resilierce andcomplexity. W
preseh experimentd results whith shav tha Motion
JPER000 outperform  MPEG-4 for wireless
applicaions.

1. INTRODUCTION

The recemn Motion JPEG200 standadt [1] is offering a
numbe of very compdling featuresIn this paper,we
study its performane fa the transmssion o video over
low bit rate error-proa wireless channel$n paticular,
we cary out a compariso with the wellknown MPEG-4
standard.

Motion JPEG200 is anextensio of JPEQOQ for
the codng of video seuences It is basedon an intra-
frame wavelet transformThe readeis refered to[2] for
a thoough presentation of JPEGRO. As it relies m
intra-frame codng, Motion JPEG200 has a lowe
coding efficieny at the benet of a lowa compleity. In
addtion, becaus frames & code independently
preventng the propagdion d errors acrgs consecut®
frames Motion JPEG200 is more earor-resilient.
Finally, Motion JPE@O000 provide with additiond
featuress sub & various forms fo scalallity (e.g
resoldion o qudity) and very precise rate contriowhich
results n minimd coding delay.

Conversely MPEG4 is basd on a motim
compensai@ block-basd Discree Cosine Transfon
(DCT). A detaile descriptio o MPEG4 can fe fourd
in [3]. By usihg mdion compensigon to redice inter-
frame redundancyMPEG4 achieve a hghe coding
efficiency but requirs a highe computationk
complexity Besides, th temporapredictian loop resuls
in dependence betveen codé frames Therefore the
effecs d transmssiom e@rors propaga& acros
consecutie frames ad MPEG4 is chaacterized by
lower error redience.

In orde to mor efficiertly suppot wireless
applicgions a numbe of tools hae been includé in
both Motion JPEQOM ard MPEG4 to improve
resiliene  transmssian erors Basically, thes took
dekect whee erros accur, corced the erroneos data
and resynchronie the decoder This is achievd by
mechanisrs su@ a resynchrorzation markers dag
patitioning and Reversibl Variable Lendt Codes
(RVLC).

A study d the performance foJPE@OM for still
image codirg has keen presentkin [4]. An evaludion of
the erro resiliene performance fo JPE@ROX ard
MPEG-4 fa sill image coding ha been presented in [5]
wherea the MPEG4 errg resiliene tols hae been
addressedin [6]. The problem d video qualily evaludion
for mobile gplicatiors has bee discissedin [7], along
with the presentan o subgctive tes resuts for Motion
JPEG2000and MPEG-4. h this paper we popoe a
thorough comparisa d the performance foMotion
JPER000 aad MPEG-4 in the framewok of video
transmssion ove low bit rat error-proe wireless
channels.

This pape is structurd a follow. In Sec. 2, we
briefly reviev Motion JPEG200 and MPEG4 eror
resilien@ tols In Sec. 3, we introdue the simulatin
set-up useé in our tests Experimentd results are
presentd in Sec. 4. Findly, we draw sore conclusios
in Sec.5.

fuboTV Media Inc.
Exhibit 1046
fuboTV v. Dish

IPR2024-00917, -00918, -00919

Ex. 1046-001



2. ERROR RESILIENT CODING

Compressicn and eror reslience are tw contradictoy
requirements Obviously the highes the compressio
ratio, the more importanthe reslting bits are Hence, a
highly compresel hit strean is generlly more sensitie
to transmssia erors.

In orde to dleviate ths problem eror resiliert
coding ols hae been propose ard adopted n the
Motion JPEG200 and MPEG-4 standard3heg tols
limit the impact 6 errors ty deecting their occurrence,
corcealing the erroneos data ard re-synchronizing th
decoder.

As most codig schemes Motion JPEGRO0 am
MPEGH+ relyon Variabk Lengh Codes (VLC)VLC are
patticularly sensitie © transmission reors Indeed
transmssio erors causehe Iess d all the databetwea
the occurence d the errg and the nex postion whee
the decoder aaresynchronize Thereforgin orde to
minimize the amaint d dat@ lost resynchrordation
markes hae  be frequenil insertel in the kit stream
Thee markes ae specih codes whih can be
unequvocdly recognized ¥ the decoder.

If the decodig o a pat of the bit strean depads m
the carect cecodirg o previous parts bthe bit stream
the effect of transmissio erros will spread More
precisely all parts @ the kit strean which depend o the
corupted dat will also be lost.Therefore, it $ desiral#
to have code unitswhich can le independengldecoded.
This is canmonly referrel to as dat partitionng.

2.1. Motion JPEG2000 error resilient tools

We naw briefly review the erra reslient tools n Motion
JPER00Q A more detdled desciption is given in [5].

The fird and foremos advantag of Motion
JPEG200 is thd it relies a intra-frane coding As eat
frame is codd independenyl of the other ones
transmssion erors n ore frame d not propagateot
subsequent frames.

Within eat frame the code strem is compose of
packets Eah packetcarespmds b a qualiy layer, a
resoldion, a componenand a precinct Theg packet
consttute independetly coded urits. Thereforethis daa
pattitioning limits the spred o transmssian arors © a
great extent. Furthermore, resynchronizatimarkes
can be inserted in frontfeevery packet.

The quanized wavelé codficients are goupd into
code-blo& and codel usirg an MQ aithmetic coder
Ead oode-blok is independengl coded.To improve is
error resilierce, the arithmetic coder eabe terminated
and the context can be reset afte each oding pass.
Furthermore it is also possild b enco@ a segmen
marke a the erd d eady coding pas. f the segmen

marke is nd correcty decode a the decoder sidean
error is flaggel in the precedig pass.

While the &owe tols detet wher errors ocur,
corced the erroneus data ard resynchronie the
decoder they do not corect transmssion errors
Furthermore theg took d nda apply b the imag
header whib is the mos$ important pat of the code
stream P& consguent JPES ha startd a new wok
item, JPWL, addrssing theg issues [8].

2.2. MPEG-4 error resilient tools

MPEG+4 ha also a numlveof error reslient tools tha
we will now briefly disciss. A more thoough descrifion
can be found in [5][6].

MPEG4 has a mechanim for resynchronizton
markers.The code strem is dividad into video packets
consising d an integrd numbe of macro-blocks and
the resynchrormation markes can be insertedn front d
thee packets In a prefered operatiy mode
resynchrorgation markes ae placedoeriodically.

In MPEG-4 the code stream symnta typicdly
combine togethe the DCT codficients, the mdion
vectors ard the information &ou macro-block codirg
mode.While vely efficient in terms o coding, ths syntx
is vely wedk in terns d error reslience. In&éed when an
error occurs all the daa is likely to be lost To
circumvert this pmoblem MPEG4 has definel an
alterndive syntx basel o the principt of dag
patitioning. In this case,all the motion vectos ae
groupal togethe on the ore hand ard dl the DCT
codficients are goupel togethe on the other had. The
code strem is then conmposel o all the regoupd
mation data followed by dl the regouped DCT datg the
two pars beng separatbby a marker.In this way if the
mation daf is carupted, dl DCT data can #t be
corectly decoded Conversely if the DCT data has
errors, 8 the motion dat can 8ll be recovered.

Anothe option o MPEG+4 is © ue Reversil#
Variable Lengh Cods (RVLC) In RVLC, eat
codeword ca ke identicaly decodd in the forwad ard
backward diections In the presencefaan erro; the
decoder seatc for the nex resynchrordation marke
and then stars decoding the code strea in the backwad
direction In this way more data can be recovered
compare to the case bstandad VLC.

Finally, MPEG4 ha a mechanismreferrel to as
Heade Extensim Coce (HEC) to repea the header
information Indeed the header contas ciitical
information sut as the spéial resolution d a frame the
picture type ard the time stamp Therefore its loss
resuts in the etire frane beirg dropped.
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3. SIMULATION SET-UP

In orde to simulae the transmssian of video sequenes
ove a WCDMA wireless chand and to analys
quantitadively the almve consider@ons we use the setip
illustrated in Figure 1. Soure encodig is followed by
H.223 fa mutiplexing ard packetizatio o the bi
stream The occurrence fo transmssion erros is
simulatel usirg kbt error patters representater d
WCDMA [9].

Due o the randon natue d transmssian arors, we
run a large numbe of trials which consis in gplying
random circula shifts o the same b error patem using
different seeds Find results ae obtaind by averaging
over dl the trials
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B
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output
decoded
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Figure 1. Smulation environment.
4. EXPERIMENTAL RESULTS

We ran simulaions an 9 vide sequenes whit cove a
wide ran@ d content In paticular, the sequenchae
been seicted 6 encompss slow modera¢ and fag
object ard camea mdion. Herce the scenes spaa wide
rang d coding complexity. The sequences arn QCIF
forma and are encodd & 128 kb/s We usel the Kakadi
software [1( for Motion JPEG200 and tle MoMuSy
refererce software [11] foMPEG-4

4.1. PSNR results

Performare resuk ae stragly content-dependent
In the cas withou transmssicn earors MPEG4
typically outperforns Motion JPEG200 o sequences
with low to moderaé mdion, wherea Maiion JPEQ@000
has comparald a even bette performares tha MPEG-
4 o seuerces wih fag maion. Figure 2 shav PSNR
resuts withou transmissia arorsfor Balloons a typical
sequege with moderat mdion.

In the presence fotransmssin erors Motion
JPER000 s gainirg the upper hah ove MPEG-4
Figure 3 shov PSNR resuf in the presence of
transmssio arors fa the sane Ballmnssequene. The
Bit Erra Rake (BER is le-4ard the resuls hae been
averaged ovet0O triak for ead sguence

20 —-Motion JPEG2000
——-MPEG-4

0 50 100 150 200 250
frame

Figure 2: Motion JPEG2000 ver sus MPEG-4 without
transmission errors.
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Figure 3: Motion JPEG2000 ver sus MPEG-4 with
transmission errors (BER=1e-4).

PSNR reslts on dl test sequence ae sunmarzed
in Tablel. We ca observe thain the cag withou
transmissia erors MPEG+4 achieve ;n averag a gan
of 1.26 dB ova Motion JPEG2000. Irthe presene d
transmssion arors PSNR for Motion JPEG200 drops
by less tha 05 dB, showirg its strorg aror resilierce.
In the same cortibns, the PSNR for MPEG-4 falk by
almog 3 dB Consguently Motion JPEG200 naw
outperfornrs MPEG4 by an averag gan of 1.22 dB.

MJ2K MP4 gain
Balloons 27.90 27.56 0.34
New York 35.64 37.28 -1.64
Mobile 23.11 26.49 -3.38
Animals 34.28 37.71 -3.43
Letters 27.32 26.18 1.14
Waterfall 29.93 32.86 -2.93
Footbadl 32.99 31.37 1.62
Suzie 39.01 39.71 -0.70
Tempest 27.08 29.45 -2.37
average 30.81 32.07 -1.26

Table 1: PSNR without transmission errors.
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sequene MJ2K MP4 Gain
Balloons 27.54 25.92 1.62
New York 35.11 31.83 3.28
Mobile 22.87 24.54 -1.67
Animals 33.69 32.45 1.24
Letters 26.93 24.92 2.01
Waterfall 29.65 31.15 -1.5
Footbdl 32.51 29.46 3.05
Suzie 38.28 34.69 3.59
Tempest 26.72 27.32 -0.6
average 30.37 29.14 1.22

Table 2: PSNR with transmission errors (BER=1e-4).
4.2. Perceptual results

The alwve PSNR figures ae nav complementedy the
use d perceptualmetrics @ wel as visud inspection o
the decoded sequees.A first observations tha Motion
JPEG2000 and MPEG@- resuls in very different
artifacts This is de © the fact tha the underlyiry
technoloy is vey different intra-frame wavelet fo
Motion JPEGR00, am motion compensate DCT for
MPEG-4.

In Figure 4, we preseh resuts obtained wib
Genistas Video PQoS software [12]In particular we
shov perceptud metrics reslts for three types D
artifacts blockiness, blu and noise.The resits are for
the sequence Baltms in the casewith transmssian
errors (BER=1e-4). h the thee grghs the values alog
the verticd axis ae in arbtrary units A large value
meanstha the detectia o the artifact isstronger We
can clearl see that MPEG# exhilits more blok artifacts
than Motion JPEG2000This is highly expected as blodk
artifacs ae a trademdrof DCT whereas theare abseh
in wavelet-basg coding. We can al® se tha Motion
JPEG2000 tersd o introduce slightlymore blur than
MPEG-4. Thg is dwe o the high compresian o the high
frequeny coefficiens in Motion JPEGRO0O0. Finally,
MPEGH+ introdices moe noi® in the codd seqence.

Figure 5 shows sampt decoded fransefran the
sequencesBalloons and Suzie in the case with
transmssion arors (BER=1e-4).As can be observed
transmssio erros terd to introduce some hgavaves in
Motion JPEGRO00. Conversely, theprodice blocls o
strang colg or texture h MPEG-4, whib are visudly
more annoyingFurthermore,n Mation JPER00Q only
the specific frare which ha bea hit with transmissio
errors exhilit distortions In the cag d MPEG-4 the
distortiors persist fo severaframes.

Extensie subjectie tes resdts for Motion

JPEG2000 and MPEG-4 heal® been presented in [7].
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Figure 4: Perceptual results (top: blockiness, middle: blur,
bottom: noise).

Figure 5: Sample frames (top: Balloons, bottom: Suzie,

left: Motion JPEG2000, right: MPEG-4).
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4.3. Complexity

Finally, Table3 compares # computationlacomplexity
of Motion JPEG2000 and MPEG-4The resuls hae
been obtaing by profiing the software, ah therefoe
deperd on the optimiation levd of the respectig codes
Note tha the compleity resuls foo MPEG4 hawe been
obtain@ with the Microsdf refererce software, s it is
much faste than the MoMuSys implementation.

MJ2K MP4
Encoder 88 390
Decoder 38 45

Table 3: CPU time ([ms] per frame).

We can se that MPEG4 encoding s approximately
5 times moe complex tha MotionJPE@0O0OQ while
decodirg is almost of equd complexity MPEG4
encodirg is moe complex becaesd motion estimaon
and compengin.

5. CONCLUSIONS

In this pape we have show the strog performancef
Motion JPE@O00Q In particula we have show its good
error resiliencefor the transnmssion o video ove error-
prore wireless chanels More specifically Motion
JPER000 outperform MPEG4 by ax averag d 1.22
dB in the case foa 4t error rate d 1e-4 In addition
Motion JPEG200 dfers othe compdliing featurs sut
as lowe complexity bette scalabity and low coding
delay We can therefoe conclide tha Motion JPER000
is vely well suited for wireless gplications.
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