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Abstract

This paper presents an evaluation of the latest MPEG-5 Part 2 Low Complexity Enhancement
Video Coding (LCEVC) for video streaming applications using best effort protocols. LCEVC
is a new video standard by MPEG, which enhances any base codec through an additional low
bitrate stream, improving both video compression efficiency and and transmission. However,
there is an interplay between packetization, packet loss visibility, choice of codec and video
quality, which implies that prior studies with other codecs may be not as relevant. The
contributions of this paper is, therefore in twofold: It evaluates the compression performance
of LCEVC and then the impact of packet loss on its video quality when compared to H.264
and HEVC.The results from this evaluation suggest that, regarding compression, LCEVC
outperformed its base codecs, overall in terms average encoding bitrate savings when using
the constant rate factor (CRF) rate control. For example at a CRF of 19, the average encoding
bitrate was reduced by 18.7% and 15.8% when compared with the base H.264 and HEVC
codecs respectively. Furthermore, LCEVC produced better visual quality across the packet
loss range compared to its base codecs and the quality only started to decrease once packet loss
exceeded 0.8-1%, and decreases at a slower pace compared to its equivalent base codecs. This
suggests that the LCEVC enhancement layer also provides error concealment. The results
presented in this paper will be of interest to those considering the LCEVC standard and
expected video quality in error-prone environments
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1 Introduction

Recent advances in high-bandwidth storage devices, high-speed networks, computing, and
compression technology have made it possible for Over-the-Top streaming, providing real-
time multimedia services over unmanaged networks via the internet [1]. Many broadcast
studios are embracing internet protocol (IP) based solutions for transporting real-time live
video due to the flexibility IP encapsulation can by lowering the amount of cabling by
aggregating multiple signals onto ethernet connections [2]. Due to the lack of bandwidth
availability these videos are usually compression [1] and then transmitted using either pro-
tocols that are layered over the connection oriented transmission control protocol (TCP) or
the best effort user datagram protocol (UDP). While the user expects to receive high visual
quality videos, the reality is video is still streamed to such devices over error-prone wireless
networks, where it is impossible to make ’less error-prone’ by altering the physical channel.
It is true that a TCP-based form of HTTP Adaptive Streaming (HAS) [3] can be applied
to error-prone communications to allow for lost or damaged packets to be re-transmitted.
However, if such video streams are transmitted using best effort protocols (UDP), network
impairments such as packet loss can have a significant effect on the resulting video quality
for users [4].

The recently standardized MPEG-5 Part 2 Low Complexity Enhancement Video Cod-
ing (LCEVC) enhances any base codec through coding tools specialised for residual data
sub-layers, a hierarchical image representation and parallel processing. The core concept of
LCEVC consists of using a conventional video codec standards, such as H.264/Advanced
Video Coding (AVC) and High Efficiency Video Coding (HEVC), as base codecs at a lower
resolution and recreating a full resolution video by combining up to two enhancement resid-
ual sub-layers with the decoded low-resolution video. As aresult, LCEVC reduces the overall
encoding complexity whilst improving the video compression efficiency [5, 6]. LCEVC is
codec agnostic and has a royalty free layer, with its design enabling it to be backwards- com-
patible and implemented purely in software, further simplifying deployment [5, 7]. Therefore,
allowing the deployment of LCEVC with no hardware support, accomplishing all enhance-
ment layer processing in software [7].

However, a gap in the literature exists on the performance of best-effort transmission
of LCEVC-coded video and in particular the impact of packet loss on the resulting visual
quality. For example it was found that when packet loss is taken into account older video
codecs achieve better receiver quality when compared with newer ones [8, 9]. Furthermore,
previous literature on LCEVC video compression has focused the use of constant bitrate
(CBR) and constant quantization parameters (CQP), with minimal references to the use of
constant rate factor (CRF). CRF has been shown to be the best rate control method in terms
visual quality using the same target bitrate [10]. Therefore, the contribution of this paper is
to evaluate the performance of LCEVC enhancements when compared to H.264 and HEVC
base codecs, in terms of video quality, compression efficiency and the relative impact of
packet loss when it’s streamed over an error-prone network.

The remainder of this paper is organized as follows. Section 2 mentions related work in
addition to that in this introductory Section or describes already mentioned work in a little
more depth. Section 3 describes the methodology, video configurations, and other aspects
of the video quality evaluations in the two sets of experiments reported on in this paper.
Section 4 presents the video quality evaluations for the two sets of experiments and in
doing so analyzes the results. Finally, Section 5 discusses the conclusions arising from the
evaluations and makes recommendations for further research.
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2 Related work

Over the past decades there have been many efforts in providing a better understanding of
Quality-of-Experience (QoE) [11] for video streaming applications, with visual quality being
a key metric. Resource constraints in the transportation and storage of video have resulted in
the development of video compression standards to reduce high video data rates that exist by
removing redundancies, enabling one to provide high quality video services under the limited
capabilities of storage and transmission networks [7, 12]. Numerous studies have evaluated
the performance of codecs using video quality (after video decoding) and encoding bitrates
as key metrics. Video quality is usually conducted using objective metrics such as Video
Multi-Method Assessment Fusion (VMAF) [13], Structural Similarity Index (SSIM) [14],
and Peak Signal-to-Noise Ratio (PSNR), and subjective quality assessments [15].

While video compression significantly reduces the amount of video data for either storage
or transmission, perceptual quality degradation caused either directly by video compression,
such as blocking edge artefacts or indirectly by packet loss when transmitted over an error-
prone network. Since video compression removes both temporal and spatial redundancy of
the original video, each packet is significant to enable the receiver to reconstruct the video
[16]. The authors in [17] performed subjective evaluations on six HEVC test sequences,
encoded at two different resolutions of 416 x 240 and 832 x 480. They found that on average,
at 1% packet loss the MOS began to fall significantly, from 9.16 to 8.38, indicating the impact
of packet loss is becoming perceptible, with 3% packet loss found to be the threshold of user
tolerance. In [18] packet loss and bitrate were identified to be more important than frame rate.
The authors in [19] broadly examined two factors: the loss pattern and content characteristics.
Packet losses were mainly in I-frames, which reduces the generality of the tests. When scene
changes occurred, an additional I-frame was to be inserted within a Group-of-Pictures (GoP),
provided the error burst was not long enough to affect both frames, scene changes actually
halted the usual temporal error propagation. This was similar to the results of [20], which also
noted that the presence of camera motion (zoom and pan) increased the subsequent distortion
resulting from packet loss. Otherwise, the extent of I frame packet loss visibility depended
on the burst length in [19]. The impact of data loss was found to be dependent on the data
loss pattern, especially the number of packets affected, which is consistent with [21]. Other
works, as well as [22, 23], have tried to study the impact upon subjective video quality.

While it is ideal to use subjective assessment to assess video quality managers of video
streaming normally do not have access to a panel of viewers [24, 25], owing to either time
restrictions and/or difficulty of assembling a suitable set of viewers. In addition, subjective
testing also does not allow a real-time response to changes in packet loss rate (PLR) or packet
structures and is not repeatable. However, objective subjective ratings can approximate the
results of subjective testing with a high degree of correlation especially with newer metrics
such as VMAF that has shown to exhibit a strong correlation with subjective Mean Opinion
Score (MOS) of 0.948 [26].

The impact of packet loss on 4K H.264 and HEVC was investigated in [27] using video
sequences with different amounts of spatial and temporal information. They found all video
sequences, for both H.264 and HEVC, had poor to unacceptable video quality above 0.6%
packet loss, with higher motion sequences suffering more. Similar to this, the authors in [28]
found a packet loss rate 0.6% was the threshold above which the objective video quality
began to significantly degraded. they studied the impact of different packet loss rates (0.05-
1.5%), on ten 30 fps 1920 x 1080 H.264 encoded video streams, finding that overall, as the
percentage of packet loss increases, the VMAF, SSIM and PSNR scores decreased.
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The authors in [29] evaluated the impact of packet loss up to 1.5% when streaming two
720 x 576 30 fps H.264 video sequences over RTP/UDP. The author found that as packet
loss increased the SSIM and PSNR scores decreased. However, the SSIM measurements
changed very gradually from 0-1.5%, with the average maximum SSIM of one sequence
reducing by only 0.09. Hence, the author concluded SSIM to be less affected by packet
loss than PSNR.While in [9] the impact of packet loss on both H.264/AVC and HEVC 4K
video sequences, of varying motion and temporal complexities was investigated. They found
that overall, H.264 appears more resilient to packet loss than HEVC, producing higher video
quality ratings, suggesting HEVC’s more efficient encoding makes it more sensitive to packet
loss. They also found that lower motion sequences for both codecs were less affected by
packet loss when a fixed CBR was used, producing higher resultant video quality. However,
as the bitrate was increased, the author found the impact of packet loss reduced, resulting
in improved video quality for both codecs. The aforementioned studies have evaluated the
impact of network factors on the base codecs (H.264, HEVC and VVC), however, there is
little to no information on the impact of network factors on enhancement codecs such as
LCEVC.

In [5] the performance of LCEVC to H.264, HEVC and VVC using eight 4K video
sequences of different frame rates encoded using constant quality profile (CQP) was evalu-
ated. They found that LCEVC produced overall bit-rate savings of 39% and 21%, (VMAF),
and provided higher video quality ratings, when compared with H.264/AVC and HEVC base
codecs respectively. This pattern of results was further observed in [30] where the perfor-
mance of LCEVC to both H.264/AVC and HEVC for 14 full HD 60 frames per second
(fps) gaming videos with different spatial and temporal complexities, using constant bitrate
(CBR) rate control. Although, these studies provide us with some insights into the evaluation
of LCEVC in comparison with the base codecs H.264/AVC and HEVC, they do not evaluate
the impact of network factors on the real-time transmission of LCEVC in comparison with
the base codecs H.264/AVC and HEVC.

Therefore in this paper, we provide a comprehensive evaluation of LCEVC vs H.264/AVC
and HEVC in terms of video quality, compression efficiency and the relative impact of packet
loss when it’s streamed over an error-prone network.

3 Evaluation methodology

To evaluate the performance of LCEVC compared to H.264/AVC and HEVC base codecs, two
sets of experiments were conducted. The first set concentrated on compression efficiency and
the impact of compression on visual quality, while the second set performed a live streaming
experiment to judge the effect of packet scheduling when packet losses occurred for each
video compression standard. In both cases we used the objective metrics: VMAF, SSIM and
PSNR, to measure video quality.

3.1 Source video content

In both sets of experiments, the authors used seven open-source uncompressed 1080 x 1920
4:2:0 video test sequences of varying characteristics. Their specifications are outlined in
Table 1 and the thumbnails for each sequence shown in Fig. 1. To confirm the sequences
exhibited varying amounts of motion and detail, the Spatial Information (SI) and Temporal
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Table 1 Frame rate, duration,

and number of frames for each Sequence Frame Rate (fps) Duration (s) Frames
video test sequence A 25 30 761

B 25 20 500

C 25 20 500

D 25 15 375

E 60 60 3600

F 24 60 1440

G 24 60 1440

Information (TI) was calculated according to ITU-T P.910 [31] for each test sequence as
shown in Fig. 2.

This classifier establishes a spatial Information (SI) from a video sequence by taking
the luminance magnitude of a Sobel fillter’s output and forms a temporal index (TI), based
upon successive frame differences using the luminance values. The advantage of this method
of classification is that it can be performed in real-time, possibly using the software tool
mentioned in [32]. TI can range from 0 to 130, with 0 meaning very limited motion and SI
can vary from O to 130, with 0 implying very little spatial detail.

3.2 Video compression comparison (experiment 1)

The test sequences from Section 3.1 were compressed using the software implementations
of the video standards H.264/AVC, HEVC, LCEVC/H.264 and LCEVC/HEVC. For the
H264/AVC and HEVC video compression, the implementations by the open-source and
popular FFMPEG [33] (x264 and x265), while the LCEVC implementation was an extension

Fig. 1 Thumbnails of the seven test sequences
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Fig.2 Spatial and Temporal Information for the video test sequences

of the FFMPEGQG libraries to allow for its enhancements to be applied to the chosen base codecs
H.264/AVC and HEVC as shown in Fig. 3.

The coding parameters are summarized in Table 2. The GOP structure has one intra-coded
I-frame and the remainder frames being predictely coded P-frames, while the GOP length is
120 which is in line with GoP length used in previous studies. Context Adaptive Variable-
Length Coding (CAVLC) entropy coding was adopted to speed-up tasting, and the CRF rate
control which has been shown to provided optimal compression over CBR and CQP rate
control mechanisms [10, 34]. According to the official FFmpeg encoding guide a “subjective

Functional Layer

(e.g. FFmpeg functionalities)

> Reference Source

lib dificati
ibav modifications Code

Integration Layer

Libraries

LCEVC :

Base Encoder e e mmmcmmmmm—————————
(e.g. x264)

Fig.3 V-Nova LCEVC implementation [6]
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Table 2 Configuration for codecs

Parameter Value

Profile High

GOP Structure IPPP

GOP Length 120

Rate control CRF

CREF levels 19,27,35

Preset Medium

Pixel Format YUV 4:2:0 8 bit
Output File Format .ts

sane range” of CRF values is 17-28, and has been used in prior studies. However, other studies
extended their testing to include the value of 35. Hence, for this experiment CRF values of
19, 27 and 35 similar to what were used in [35, 36]. The resulting datarates can be found in
Appendix A.

3.3 Impact of packet loss(experiment 2)

To understand the impact of packet loss on the video sequences in Fig. 1,each encoded video
sequence based on the parameters in Table 2 was streamed using the modified FFMPEG build
discussed in Section 3.3 over an isolated network. Two computers (PC) were connected to
a router using Cat-5e cables, which meet the standards defined in ANSI/TTIA-568-C.2 [37].
For this experiment, the Linux PC behaved as the transmitter, sending video streams, via a
router, to the Gigabyte PC, which acted as the receiver. The topology of the experimental
set-up is illustrated in Fig. 4 and the logical setup in Fig. 5.

To evaluate the effects of packet loss on video quality, UDP was used in order to pro-
vide best effort conditions for the video.The encoded videos were first encapsulated in an
MPEG-transmission stream (MPEG2-TS) packet and this was further encapsulated in UDP

B4 Video Quality Evaluation 1

Original ransmission Recelved Distorted

Video Er\\/?é):gd with Video nggg:d Video
YUV Packet Loss Stream YUV
Transmitter Receiver

Fig.4 Experimental setup
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Network
Emulator

Transmitter Receiver

Fig.5 Logical transmission topology of experimental setup

packet. Therefore the protocol stack used was MPEG-2 TS/UDP/IP and the maximum trans-
mission unit (MTU) was 1500B. Consequently, Table 3 reports the transmission parameters
for 4kUHD video transmission over a Wide Area Network (WAN). The open source WAN
emulator, network emulation (NetEM) software [38] using bridging mode was attached to
the outbound link of the sender, which added MPEG-2 TS/UDP/IP headers to the bit-stream
payload. Packet loss was applied to the outgoing stream on the transmitter PC as a percentage
with a defined correlation of 10% used for each packet loss value similar to the authors in
[29]. For example, if packet loss was set to 1% and the correlation was defined as 10%, then
this caused 1% of packets to be lost, with each successive probability depending by a tenth
on the last one, as shown in (1). it should be noted that there are normally seven MPEG-2
TS packets per one UDP transport layer packet dropped by the WAN emulator and no error
concealment strategy was used during these experiments.

Prob,, = (0.1 x Prob,,_1) + (0.9 *x Random) (1)

4 Results and discussion
4.1 Findings from experiment one
4.1.1 Average resultant bitrate

As outlined in Section 3, each video test sequence was encoded using three different CRF
levels with the the resultant bitrates for each sequence given in Appendix A. The average
resultant bitrate for all sequences at each CRF level was calculated per codec can be seen in
Table 4, Firstly, from the results in Table 5.1, LCEVC/H.264 reduces the average encoding
bitrate of H.264 by 18.7% at a CRF level of 19. However, for CRF levels of 27 and 35,
LCEVC/H.264 requires a 2.85% and 12.4% higher bitrate than H.264 respectively. Therefore,
suggesting that LCEVC/H.264 outperforms H.264, with respect to the encoding bitrate, when
only a CRF level of 19 is implemented, with its performance subsequently degrading as the
CREF level increases.

Table 3 Parameters for experiment two

Parameter Value
Packer Loss Rate (PLR) 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, 1.2%, 1.4%
PLR + CRF 19,27, 35
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Table 4 Average resultant encoding bitrate per CRF level for each codec

CRF Level Average Resultant Encoding Bitrate (kb/s)

H.264/AVC LCEVC/H.264  HEVC LCEVC/HEVC
19 14773 12011 14199 11960
27 4275 4397 4181 3768
35 1510 1697 1255 1172

Secondly, the results also show that LCEVC/HEVC produces lower resultant bitrates for
all three CRF levels than its base codec, with the overall bitrate 15.8% lower than HEVC at
a CREF level of 19. However, this bitrate reduction decreases as the CRF level rises. Hence,
suggesting that LCEVC/HEVC outperforms HEVC, illustrating greater efficiency, in terms
of the encoding bitrate at all CRF levels, although this outperformance is most significant at
lower CRF levels.

4.1.2 Video Quality

Firstly, when comparing H.264 with LCEVC/H.264 (Table 5),and HEVC with LCEVC/HEVC
(Table 6), it was observed that for all CRF levels LCEVC outperformed its base codecs in
terms of VMAF, producing higher scores for both high and low SI/TI sequences, supporting
the VMAF results in [30] and [5], even though they used CBR and CQP respectively for
encoding. However, for SSIM and PSNR, both base codecs appear to outperform LCEVC
for the majority of CRF levels for both high and low SI/TI sequences, supporting some but
not all results in [5] regarding HEVC and LCEVC/HEVC. These differences in results for
PSNR compared to VMAF can potentially be explained by the fact that current LCEVC
encoder implementations available do not include any Mean Square Error (MSE)-specific
rate-distortion optimisations for PSNR, resulting in LCEVC having a different behavioural
pattern with PSNR compared to VMAF. Hence, affirming the suggestion by [5] that PSNR
is not a reliable metric for assessing the performance of LCEVC.

From Tables 5 and 6, one can also compare the correlations in visual quality to SI and TI
for LCEVC and its respective base codecs. All four codecs produce higher VMAF scores for
content with a high TI for CRF levels of 19 and 27 except for H.264 which only produced
higher scores for a CRF level of 19. However, when regarding SSIM and PSNR, all four
codecs provided higher objective visual quality when the content exhibits a lower TI across
the majority of CRF levels. Furthermore, all four codecs produce higher VMAF scores for all
three CRF levels for higher SI content. Although, the opposite is seen for PSNR and SSIM.
while these results regarding VMAF do go against the results from [30] and similar prior
studies in [9], this is due to CRF encoding being used, resulting in sequences with higher
spatial and temporal complexities being encoded at higher bitrates. Therefore, due to these
higher bitrates, high SI and TI sequences will exhibit better video quality.

4.2 Findings from experiment two
4.2.1 Impact of Packet Loss

Figures 6, 7, 8, 9, 10 and 11 show the graphical representation of impact of packet loss on
the video streams using the objective metrics (VMAF, SSIM and PSNR) for the individual
sequnces. Overall, it was observed that, for all three metrics, once packet loss exceeds approx-
imately 0.8-1%, there was a general reduction in the objective video quality seen across all
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Fig.6 Aggregate VMAF against packet loss for H.264 and LCEVC/H.264 at each CRF level
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four codecs, similar to the results in [17] for HEVC, [28] for H.264 and [27] for both codecs.
However, for the latter two, the threshold was found to be slightly lower at 0.6%, although
for [28], 30 fps content was used with no indications on how the content was encoded nor
what protocol was used for streaming, whilst for [27], 4K video was under consideration
with CBR encoding used. Furthermore, overall, the video quality decreases as the CRF level
increases for all three metrics for the majority of packet loss values.

4.2.2 Packet loss vs si and ti

From Figs. 6 - 11, an analysis on the correlation between the SI and TI of the content and
the resultant objective video quality for LCEVC can be made when subject to packet loss.
As shown in Fig. 2, sequence B has the lowest SI and TI, whilst sequences E and G have the
highest SI and TI. Hence, these sequences were used to discuss any possible correlations.

It was observed that in some cases the video quality of both LCEVC/H.264 and
LCEVC/HEVC is affected less as packet loss increases to 1.4% for content with a high
SI. For example, for LCEVC/H.264 at a CRF level of 35, the VMAF and PSNR score is
reduced by 1.895 and 0.762 points going from 0-1.4% packet loss for sequence E with a high
SI compared to 8.312 and 7.162 points for sequence B with a low SI, respectively. Whilst for
example, for LCEVC/HEVC, at a CRF level of 19, the VMAF and PSNR score is reduced
by 36.91 and 13.794 points from 0-1.4% packet loss for sequence E compared to 54.485 and
22.599 points for sequence B, respectively. A similar trend is seen when regarding TI for both
LCEVC/H.264 and LCEVC/HEVC. For example, at a CRF level of 19, the VMAF scores
are reduced by 4.151 and 13.354 points for sequence G, with a high TI, compared to 11.871
and 54.485 points for sequence B, with a low TI, respectively. However, these correlations
to SI and TI for both LCEVC codecs are not completely clear for all metrics and CRF levels.

Furthermore, these correlations go against the general trend found in [9] and [27] where
content was encoded using CBR. The reason is CRF encoding resulted in the sequences with
a high ST or TI having higher bitrates, resulting in the amount of coded information being
distributed amongst more packets, each with a fixed size of 1316 bytes. For example, a 25
Mbps video stream will have more packets over time than a stream at a lower rate of 13
Mbps. However, the amount of coded information per packet is lower for the higher bitrate
stream; the coded data in a single packet is split into two or more packets. Therefore, one
packet lost for high bitrate videos will contain less information than a packet lost for a lower
bitrate video. Hence, having a smaller impact on the video quality, supporting the findings
from [12] regarding increasing bitrates. Therefore, these results illustrate the advantage of
CRF encoding when streaming content with high spatial and motion complexities, despite
the downside of a higher throughput.

5 Conclusion

This paper has presented a performance comparison of LCEVC enhancements with that
of its base codecs H.264/AVC and HEVC for live streaming applications using best effort
protocols.These results will be of interest to those considering LCEVC codec and expected
quality in error-prone environments. We found that when using the CRF rate control, LCEVC
appeared to outperform its base codecs in terms video quality, producing higher VMAF scores
while reducing average encoding bitrate by of 18.7% and 15.8% over base codecs H.264
and HEVC respectively. However, When using the SSIM and PSNR metrics we found that
LCEVC generally underperformed due the non availability of MSE-specific rate-distortion
optimisations in current implementations. In terms of packet loss, we found that this had less
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of an impact on LCEVC/H.264, LCEVC/HEVC compared with its base codecs and overall
video quality started to decrease once the packet loss rate exceeded 0.8-1% for all three CRF
levels. Furthermore LCEVC was found to produce better video quality after encoding and
greater protection against packet loss for content with higher spatial and temporal complexity
due to CRF encoding being used. it can therefore be suggested that the LCEVC enhancement
layer also provides error concealment.

While this paper provides promising results there are a few limitations. Although VMAF
is considered to have high correlation to human perception, it currently cannot be used as
a substitute for subjective assessments. Furthermore, only one protocol stack was used for
video transmission so it is unclear how packet loss affects LCEVC when transported with
other best effort protocols.

LCEVCisstill a very new standard with a handful of studies. Therefore, future work could
include extending this paper’s research to include subjective tests. Secondly, one could make
a comparison on LCEVC’s performance when streamed over UDP and SRT; only UDP was
considered in this paper.Also, error concealment was not considered in this investigation.
Hence, one could investigate where error concealment would fit in best - whether at the
base codec or within the enhancement layer of LCEVC, when impacted by packet loss.
Finally, this experiment only considered the effect of packet loss. Therefore, this experiment
could be expanded to investigate the effect latency and jitter, as well as multiple impairments
combined, have on the video quality of LCEVC

Appendix A Average bitrates of Video seqeuences

Table 7 Average bit-rates using CRF level 19 per sequence for each codec

CRF Level Average Bitrate (kb/s)

Sequence H.264 H.264/LCEVC HEVC HEVC/LCEVC
A 14907 11953 14365 12506

B 6215 6921 5629 7065

C 45633 33587 49661 31279

D 7203 6538 6217 7424

E 7620 10628 6899 10940

F 11693 6329 8248 6475

G 10139 8121 8373 8034

Table 8 Average bit-rates using CRF level 27 per sequence for each codec

CRF Level Average Bitrate (kb/s)

Sequence H.264 H.264/LCEVC HEVC HEVC/LCEVC
A 4191 4027 3896 3885

B 2420 2420 2201 2054

C 13384 14863 15108 12247

D 1886 2022 1424 1872

E 2363 2818 2165 2316

F 2702 2009 2096 1892

G 2978 2617 2380 2111
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Table 9 Average bit-rates using CRF level 35 per sequence for each codec

CRF Level Average Bitrate (kb/s)

Sequence H.264 H.264/LCEVC HEVC HEVC/LCEVC
A 1675 1491 1349 1233

B 896 1237 783 760

C 4015 5320 3758 3535

D 785 730 520 568

E 863 1213 690 687

F 1058 743 726 623

G 1276 1147 962 798
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