
VResultsThis 
hapter presents the results obtained with the simulations andmeasurements explained until this point. In all 
ases the 
ode's rate wasvaried while Per was kept 
onstant and the de
oded 
ontent was evaluatedwith respe
t to degradation, by using the following me
hanisms: (1) obje
tivequality measurements, namely Blo
king Artifa
t Measure, (2) monitoring ofTransport Stream parameters and, �nally, (3) subje
tive visual impairments.These measurements were repeated for three types of error 
onditionexplained in [10℄:� bursts of pa
ket erasures� single pa
ket erasures� 
ombination of burst and single pa
ket erasuresThe results are presented in the se
tions that follow.V.1 LT Code Performan
eThis se
tion makes an assessment of the LT 
ode by itself � thevariation of the degradation of the de
oded 
ontent when the 
ode rate isvaried was observed. The measured degradation in this situation examines theprobability of unre
overed symbols in the de
oded 
ontent. We have also runan experiment whi
h enabled us to verify the universality property of LT-
odes.(a) LT Code Performan
e: probability of unre
overedsymbolsThe 
ode's rate is varied within a range that allows us to observe thetransition from a very good quality de
oded 
ontent, down to a very impairedde
oded 
ontent, while the 
hannel erasure probability Per is kept 
onstantat 0.03.
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Chapter V. Results 56Fig. V.1 shows the resulting performan
e for an LT 
ode with dimension
k = 7, 896 bytes. It 
an be noted that very little de
oding is possible untilapproximately n = 1.08.k, i.e., for n = 8, 528 bytes, given Per, at whi
h point,a behavior similar to a de
oding waterfall is observed.This simulation was repeated for the three 
hannel erasure patternsmentioned and no signi�
ant variation in the degradation was observed.
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Figure V.1: LT Code performan
e
(b) Universality propertyThe se
ond aspe
t veri�ed in this se
tion 
on
erns the UniversalityProperty, more spe
i�
ally the 
hara
teristi
 of Fountain 
odes, that subsets ofthe same size, of symbols belonging to the same en
oding symbols blo
k, willbe equally useful in the de
oding pro
ess. More detailed explanation regardingthe Universality Property of Fountain 
odes 
an be found in the Appendix A.In order to evaluate this property, an en
oding symbols blo
k of size N isgenerated and a subset of n randomly 
hosen en
oding symbols is generated,being n < N . These symbols and the asso
iated 
onne
tions are provided tothe LT de
oder. The re
overed symbols to sour
e symbols ratio, referred hereinas de
ode-ability, is 
omputed. This experiment is repeated multiple times forthe same en
oding symbols blo
k and the result is shown in the histogramsof �gures VI.2 and VI.3, for n = 8, 211 and n = 8, 370, respe
tively. In both
ases the erasure rate Per was kept 
onstant at 0.03.
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57 V.2. Comparing the Performan
e of RS and LT 
odesFor the LT [8211, 7896], the de
ode-ability varies from 0.31 to 0.33,whereas the LT [8370, 7896] presents values between 0.74 and 0.79. Thesehistograms indi
ate that de
ode-ability is more or less the same for subsets ofsame size, but distin
t elements of a larger en
oded symbols blo
k generatedin the same LT pro
ess.
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Figure V.2: De
ode-ability Histogram for LT[8211,7896℄
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Figure V.3: De
ode-ability Histogram for LT[8370,7896℄
V.2 Comparing the Performan
e of RS and LT
odesThe results presented herein are asso
iated to the simulation s
enariosexplained in 
hapter IV. The results were divided in three subse
tions, asper erasure pattern employed in the 
hannel simulation. Di�erently from the
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Chapter V. Results 58Reed-Solomon 
odes, the LT 
ode did not present any signi�
ant performan
evariation when the distin
t erasure patterns were used.(a) Random burst erasuresFigure V.4 shows the performan
e results for both Reed-Solomon s
hemesand the LT 
oding s
heme. The Reed-Solomon 
odes present a mu
h betterperforman
e until a value of N ≈ 1.08 ·k, at whi
h point, any new LT en
odedsymbol that arrives su

essfully at the LT de
oder, 
ontributes signi�
antlywith the LT de
oding pro
ess and the same outperforms the Reed-SolomonS
hemes.Another interesting aspe
t, is that the se
ond dimension of Reed-Solomondoes not provide improvement for the burst-only erasure pattern. A
tually,it in
reases the overhead at no signi�
ant bene�t, de
reasing performan
emeasured against overhead 
ost, making the single dimensional Reed-Solomonadvantageous for this type of erasure pattern.
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Figure V.4: Performan
e Comparison for random burst pa
ket erasure
(b) Random single pa
ket erasuresIn this 
ase, the two dimensional and the single-dimensional Reed-Solomon s
hemes present very similar performan
es, as shown in �gure V.5.(
) Combination of Random single pa
ket erasures andrandom burst erasuresThis erasure pattern is said to be more realisti
 a

ording to [10℄. In the
hannel simulation herein, approximately half of the erasures are distributed
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59 V.3. Visual impairments
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Figure V.5: Performan
e Comparison for random single pa
ket erasuresas single pa
ket erasures, whereas the other half as bursts of 7 pa
kets beingerased.It 
an be noted that in this 
ase the se
ond dimension for the Reed-Solomon s
heme provides an improvement over the single-dimensional one.The LT s
heme still outperforms the Reed-Solomon s
hemes at n ≈ 1.08.
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Figure V.6: Performan
e Comparison for random burst and single pa
keterasures
V.3 Visual impairmentsThis se
tion intends to show the visual impairment observed in par-ti
ular frames of the de
oded video image. A sample frame of the de
oded
ontent resulting from the LT pro
ess is shown in �gure V.7. This snapshotwas taken from an LT de
oded 
ontent re
overed from the 
hannel presented
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Chapter V. Results 60in the previous sub-se
tion, whi
h 
ombines pun
tual erasures with bursts ofpa
kets being erased. From the performan
e 
urves obtained previously, nodegradation is monitored at this point and thus, no visual impairments areobserved in the snapshot.Figures V.8 and V.9 show snapshots of samples resulting from the singleand two-dimensional Reed-Solomon pro
esses respe
tively, when submittedthrough the same 
hannel with 
ombined patterns and erasure probability
Perr, as with the LT s
heme.

Figure V.7: Visual impairments for LT at N ≈ 0.8k

Figure V.8: Visual impairments for RS1D at N ≈ 0.8k
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61 V.4. Blo
king Artifa
t Measure

Figure V.9: Visual impairments for RS2D at N ≈ 0.8kV.4 Blo
king Artifa
t MeasureThe Blo
king Artifa
t Measure employed herein is based in [12℄. Thisis a non-referen
ing measurement method, i.e., it does not require a knownreferen
e at the measurement point. The result is an index 
al
ulated perframe, that is proportional to the dis
ontinuities present in the frame.In pra
ti
al monitoring appli
ations, the user de�nes a threshold thatsuits his needs and a monitoring platform may trigger an alarm, whenever thisthreshold is trespassed.Su
h method is implemented in ele
troni
 monitoring that intends torepli
ate as 
lose as possible the results of standardized subje
tive qualityevaluation, for instan
e, de�ned in [18℄ and [19℄. These methods 
onsist of aviewer's opinion on the quality of the video sequen
e per
eived by him or her.Repla
ing su
h methods with ele
troni
 monitoring will save 
onsiderable timeand human resour
es.Nevertheless, a few 
hallenges have to be over
ome by obje
tive analysisof multi-media 
ontent. The �rst is asso
iated to ar
hite
tural 
hara
teristi
sof most transmission and distribution networks, whi
h do not provide a

essto the bit stream. As su
h, methods that do not require referen
ing, i.e. arebased in the in
oming 
ontent subje
t to analysis, have to be implemented. These
ond important 
hallenge is to distinguish blo
k dis
ontinuities from natural
ontours of the image. This is 
riti
al for dis
ontinuity 
orre
tion algorithms.The most e�
ient 
orre
tion algorithms to date are based on low-pass �lteringand this might undesirably a�e
t natural 
ontours of the image instead ofunwanted dis
ontinuities.
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Chapter V. Results 62In the Blo
king Artifa
t Measure method explained in [12℄, a variabledenominated DH,norm is the ratio of the absolute normalized gradient and theaverage gradient 
al
ulated over N pixels to the right and to the left. DH,normis then summed a
ross all lines and the value SH is obtained for quantifyingthe blo
king grid dis
ontinuity per pixel position a
ross all lines. Usually, theresult will 
ontain outstanding peaks in the pixel positions where blo
k edgesresult from the DCT sour
e 
oding s
hemes, i.e. every 8 pixels in an MPEG-2
oded 
ontent. Finally, the Blo
king Strength BS is given by the ratio betweenthe average of SH measured in the edge position and the intermediate pixels.
DH,norm(i, j) =

|I(i+ 1, j)− I(i, j)|
1/2N

∑
−N...N,n 6=0 |I(i+ n+ 1, j)− I(i+ n, j)|

SH(i) =

nl∑

i=1

DH,norm(i, j)

BS =
S̄H(block)

S̄H(non− block)Figure V.10 shows a frame with high rate of dis
ontinuity. The sum of thedis
ontinuities a
ross all lines for this frame is shown in �gure V.11. The spikesindi
ating the positions of higher dis
ontinuities 
an provide information on thegrid size employed in the sour
e 
oding pro
ess and drive a low-pass �lter for
orre
tion of these unwanted dis
ontinuities. For the sake of 
omparison, �guresV.12 and V.13 show a frame with lower dis
ontinuity rate and its asso
iatedresult, respe
tively. It 
an be noted that, in this 
ase the spikes have mu
hlower pronun
iation against neighboring positions.Finally, an index, that is proportional to the sum of dis
ontinuities inea
h frame, was 
al
ulated for the de
oded video sequen
es resulting from thesimulations with LT and both Reed-Solomon s
hemes, when the 
ombinederasure pattern with error probability Perr ≈ 0.03 was employed. The resultfor sequen
es of 10 frames of ea
h sample is shown in �gure V.14.
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63 V.4. Blo
king Artifa
t Measure

Figure V.10: Sample frame 'A' with high rate of dis
ontinuity
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Figure V.11: Sum of dis
ontinuities a
ross all lines of frame 'A'
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Chapter V. Results 64

Figure V.12: Sample frame 'B' with low rate of dis
ontinuity
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Figure V.13: Sum of dis
ontinuities a
ross all lines of frame 'B'

DBD
PUC-Rio - Certificação Digital Nº 0711234/CA



65 V.4. Blo
king Artifa
t Measure
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Figure V.14: BAI measurements
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