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Abstract—The deployment of Ultra High Definition (UHD)
video using Versatile Video Coding (VVC/H.266) provides sub-
stantial compression efficiency but remains constrained by high
computational complexity, particularly for large-scale encoding
workflows. This paper presents a comprehensive evaluation of
MPEG-5 Part 2 Low Complexity Enhancement Video Coding
(LCEVC) applied to VVC as a multi-layer solution for deployable
UHD delivery. By encoding the VVC base layer at reduced resolu-
tion and reconstructing full-resolution detail through lightweight
enhancement layers, the proposed approach redistributes com-
putational workload while preserving or enhancing perceptual
quality. Experimental evaluation on a diverse UHD dataset
demonstrates consistent rate—distortion improvements compared
to native VVenC encoding. Subjective quality assessment shows
that LCEVC achieves an average BD-MOS bitrate reduction of
approximately 23% at equivalent perceived quality. On average,
LCEVC-enhanced VVenC achieves approximately 30% VMAF
BD-rate gains across all tested sequences. In addition to compres-
sion improvements, the integration significantly reduces encoding
complexity, achieving an average 2.6x increase in encoding
throughput relative to native VVenC. These results indicate that
LCEVC-enhanced VVC provides an effective balance between
compression efficiency, perceptual quality, and computational
scalability, enabling practical deployment of next-generation
UHD video delivery workflows.

I. INTRODUCTION

The deployment of Ultra High Definition (UHD) video
delivery across streaming and broadcast platforms continues
to increase pressure on network bandwidth, computational
resources, and device capabilities. While consumer expecta-
tions for visual fidelity continue to rise, operators must bal-
ance compression efficiency, encoding throughput, decoding
complexity, and large-scale deployability. Addressing these
competing requirements remains a key challenge for modern
video delivery workflows.

Versatile Video Coding (VVC, ITU-T H.266) represents the
latest generation of video compression standards and achieves
state-of-the-art efficiency through advanced coding tools such
as improved partitioning structures, refined prediction meth-
ods, and enhanced transform coding [1]. Relative to HEVC,
VVC can deliver approximately 40-50% bitrate reduction at
equivalent subjective quality [2]. However, these gains come at
the cost of substantially higher computational complexity [3],
[4], particularly for UHD encoding and decoding, which limits
practical deployment at scale.
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MPEG-5 Part 2 Low Complexity Enhancement Video Cod-
ing (LCEVC) introduces a layered enhancement architecture
in which a conventional codec operates at reduced spatial
resolution while lightweight enhancement layers reconstruct
high-frequency detail at full output resolution [5], [6]. By
applying the most computationally demanding coding tools at
lower resolution, LCEVC redistributes processing complexity
while preserving or improving perceptual quality.

This layered design provides two key advantages for UHD
delivery workflows. First, complexity redistribution allows the
base encoder to operate on a lower-resolution representa-
tion, significantly reducing computational load. Second, the
enhancement layers encode residual information directly at
display resolution, enabling efficient reconstruction of percep-
tually important spatial detail.

Recent deployments, such as the adoption of LCEVC in
Brazil’s TV 3.0 broadcast system [7], demonstrate the practical
viability of this approach for large-scale delivery environ-
ments. While prior work has evaluated LCEVC in combination
with codecs such as AVC, HEVC, and AV1 [8]-[10], a
systematic evaluation of LCEVC applied to VVC for UHD
delivery, covering compression efficiency, perceptual quality,
and computational complexity, remains limited.

This paper presents a comprehensive evaluation of LCEVC-
VVenC encoding for UHD content. The main contributions are
threefold:

1) A quantitative analysis of compression efficiency of

LCEVC-VVenC against VVenC encoding.

2) A subjective quality assessment validating perceptual
quality and examining the relationship between Mean
Opinion Scores (MOS) and objective quality metrics.

3) An encoding complexity analysis demonstrating the
practical deployability advantages of the layered ap-
proach.

By combining objective, subjective, and computational anal-

ysis, this study provides a holistic assessment of LCEVC-
enhanced VVC for deployable UHD video delivery.

II. BACKGROUND
A. LCEVC Structure

LCEVC operates as a layered enhancement framework that
augments a conventional video codec, such as VVC, used as



a base layer. Instead of encoding the full-resolution signal
directly with the base codec, the input video is first encoded
at a reduced resolution. The decoded base reconstruction is
then upscaled and refined using one or more lightweight
enhancement layers that encode residual information. The
overall encoder structure is illustrated in Fig. 1.
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Fig. 1: LCEVC layered encoder architecture showing the
reduced-resolution base layer and enhancement residual layers.
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The enhancement layers capture the difference between the
upscaled base reconstruction and the original signal, progres-
sively restoring fine spatial detail. These residual layers use
simple block transforms and entropy coding tools designed to
remain computationally lightweight and highly parallelisable.

At the decoder, the base layer is decoded using the underly-
ing codec, while the enhancement layers refine the reconstruc-
tion through normative upscaling and additive residual recon-
struction. This layered approach allows LCEVC to improve
compression efficiency and reduce computational complexity
by confining the most expensive coding tools of the base codec
to a lower-resolution representation.

A detailed description of the LCEVC standard and coding
tools is available in [5].

B. LCEVC Integration with VVenC

VVenC is an optimized, open-source software implemen-
tation of the Versatile Video Coding (VVC/H.266) standard
[11] developed by Fraunhofer HHI to deliver near—reference-
level compression efficiency at significantly reduced compu-
tational complexity. It retains the full suite of VVC coding
tools while applying a range of algorithmic accelerations to
approximate VTM behaviour at far lower computational cost
[12]. Through various optimizations, VVenC achieves orders-
of-magnitude speed improvements over the VIM reference
encoder, enabling practical use in UHD streaming, broadcast,
and large-scale transcoding pipelines.

An integration of LCEVC with VVenC is available as
an SDK at [13]. The integration is implemented within the
FFmpeg framework, where VVenC generates a compliant base
bitstream while LCEVC produces the enhancement data. This
layered combination preserves VVC coding efficiency while
significantly improving encoding throughput for UHD content.

III. METHODOLOGY
A. Dataset

The evaluation was conducted on a diverse set of UHD
(3840x2160) sequences selected from publicly available
sources, including Netflix Open Content [14] and the Fraun-
hofer HHI JVET Common Test Conditions (CTC) material
[15]. Ten sequences were chosen to cover a broad range of
spatial and temporal complexities. Fig. 2 illustrates the distri-
bution of Spatial Information (SI) and Temporal Information
(TD) values, computed in accordance with ITU-T Rec. P.910
[16]. The list of sequences and configuration scripts will be
released in a public repository upon publication.

TABLE I: UHD Dataset for LCEVC-VVenC Evaluation

Name Bit depth FPS  Frames
VL_Campfire 10 29.97 300
VL_ParkRunning3 10 50 300
VL_CatRobotl 10 60 300
NEX_FoodMrkt2 8 60 300
NFX_Barl 8 30 210
NFEX_Dinner 8 30 384
HD Club 8 30 472
Samsung Boat 8 24 150
Samsung Niagara 8 24 150
Samsung BayRocks 8 24 150
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Fig. 2: Spatio-temporal complexity plot of the ten sequences
considered in the evaluation dataset.

The VVenC encoder version 1.12 was used for both native
VVC encoding and as the base encoder for LCEVC. The
LCEVC SDK version 3.15 was employed, with both running
within the FFmpeg 6.1 framework. Each clip was encoded
at four operating points covering a broad quality range, with
QP/CRF between 23 and 38, producing UHD bitrates between
0.5 Mbps and 80 Mbps. The VVenC preset was set to fast for
both native VVenC and the LCEVC base layer, while LCEVC
was tuned for optimal visual quality (Ilcevc_tune=vq). The
encoder is available for download at [13].

B. Objective Video Quality Metrics

Video quality was evaluated using four objective metrics:
PSNR, SSIM, VMAF, and VMAF-NEG. All metrics were



computed using the VMAF framework with model version
3.0.0 [17], [18], applying the UHD model to all encodes to
ensure consistent evaluation across resolutions.

To analyse the relationship between objective metrics and
perceived quality, a correlation analysis was conducted be-
tween the objective scores and the subjective Mean Opinion
Scores (MOS) obtained from the subjective evaluation de-
scribed in the following subsection. The Pearson correlation
coefficient was computed between the average MOS values
and the corresponding objective metric scores.

C. Subjective Quality Assessment Methodology

A formal subjective evaluation was conducted at an inde-
pendent test facility to compare native VVenC encoding with
LCEVC-enhanced VVenC. The study employed the Degrada-
tion Category Rating (DCR) methodology using an 11-grade
impairment scale [19].

Testing was performed on two calibrated 65-inch LG
CX6LA 4K displays (3840x2160), connected via HDMI to
a high-performance PC. Viewers were seated at a distance of
1.5H, corresponding to a viewing angle below 60°.

A total of 24 participants (10 female, 14 male), aged
between 18 and 24, took part in the study. All subjects were
screened prior to testing for normal visual acuity and colour
vision, and post-test screening was conducted to ensure scoring
consistency.

Ten UHD test sequences encoded at four bitrate points
(decoded to YUV) were evaluated, resulting in a total of
80 test conditions. The selected bitrate points enabled two
complementary comparisons:

1) evaluation of bitrate savings at approximately equivalent
quality levels, and

2) evaluation of quality differences at approximately equiv-
alent bitrates.

This pairing strategy allows a balanced assessment of both
compression efficiency and perceptual quality.

D. Performance Evaluation

Encoding performance was evaluated by measuring both
the frame throughput (frames per second, fps) and the total
encoding time in seconds.

Performance measurements were conducted using the Hy-
perfine benchmarking tool [20] on a workstation equipped with
a 12th-generation Intel Core 19-12900K CPU and 64 GiB of
RAM. Tests were executed using a single-threaded sequential
execution model to avoid parallelism-related variability, and
each configuration was repeated three times to ensure stable
measurements.

IV. RESULTS

This section presents a comprehensive evaluation of
LCEVC-enhanced VVenC compared to native VVenC en-
coding for UHD content. Performance is analyzed in terms
of rate—distortion behaviour, subjective quality assessment,
and computational complexity. Objective metrics are reported
through R-D curves and BD-rate analysis, while subjective

performance is examined using MOS, BD-MOS, and correla-
tion with quality metrics. Finally, encoding complexity mea-
surements are provided to assess the practical deployability of
the layered approach.

A. Rate—Distortion Curves

Fig. 3 presents the R-D curves averaged across all tested
clips for the four evaluated metrics.

At an aggregated level, LCEVC-enhanced VVenC outper-
forms native VVenC encoding on VMAF and SSIM, and on
VMAF-NEG at lower bitrates, while PSNR shows a markedly
different behaviour.

B. BD-Rate Analysis

Table II summarises the BD-rate results of LCEVC-
enhanced VVenC relative to native VVenC across the evaluated
UHD sequences.

TABLE II: BD-Rate Results of LCEVC-VVenC Relative to
Native VVenC

BD-rate (%)

Content VMAF VMAF-NEG SSIM PSNR
HD_Club -25.90 9.23 -10.42  180.73
Samsung Niagara -38.45 -27.90 -27.47 -5.10
Samsung Bayrocks — -42.82 1.82 -27.32  126.54
Samsung Boat -23.82 51.51 -9.39 364.71
NFX_Barl -34.19 -18.18 -14.29 0.44

NFX_Dinner -44.82 -30.76 -21.53  -10.75
NFX_FoodMrkt2 -22.06 11.42 2.38 53.00
VL_Campfire -29.73 -14.10 -2330  -035

VL_CatRobotl -13.84 19.68 1.44 51.32
VL_ParkRunning3 -25.68 -14.73 -11.55 12.30
Average -30.13 -1.20 -14.14  77.28

On VMAF, LCEVC-VVenC achieves consistent BD-rate
gains across all content, with improvements ranging from
—13.84% to —44.82% and an average gain of —30.13%.
The largest gains are observed for Netflix Chimera Dinner
(—44.82%) and Netflix Chimera Barl (—34.19%).

The VMAF-NEG results are more content-dependent. While
most sequences still show BD-rate gains, a few clips (e.g., HD
Club, NFX FoodMrkt2, and VL CatRobot1) exhibit small BD-
rate penalties under this metric.

SSIM results show consistent improvements, with an aver-
age BD-rate gain of approximately —14%.

PSNR results diverge from the other metrics, showing pos-
itive BD-rates for several sequences, which is consistent with
the behaviour observed in the R-D curves. This divergence
is not unexpected. PSNR measures pixel-wise reconstruction
error and is known to correlate poorly with perceived visual
quality, particularly for modern perceptually optimised codecs
and processing pipelines. In the case of LCEVC, several visual
quality tools such as adaptive downsampling and dithering are
designed to improve perceptual appearance but may increase
pixel-level deviations from the reference. As a result, PSNR
can penalise perceptually favourable reconstructions despite
favourable subjective quality. Perceptually oriented metrics
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Fig. 3: Average rate—distortion (R—-D) curves across all evaluated UHD sequences for the four objective quality metrics.

such as VMAF therefore provide a more meaningful indication
of visual performance in this context. This observation is
further supported by the subjective evaluation results and
metric correlation analysis presented in the next sections.

C. Subjective Assessment Results

The MOS versus bitrate curves for all evaluated sequences
are presented in Fig. 4. The plots show the average MOS
across all subjects, together with 95% confidence intervals.

Across most sequences, the LCEVC-VVenC curves lie
above the corresponding native VVenC curves, indicating that
similar perceptual quality can be achieved at lower bitrates.
In several cases the MOS values of the two encoders fall
within overlapping confidence intervals, suggesting that the
perceived quality differences are small or not statistically
significant. This observation is further supported by a paired
t-test performed on the MOS scores across rate points for each
sequence, with the resulting p-values reported in Table III. The
analysis indicates that statistically significant differences (p <
0.05) are observed in four sequences, while two sequences
exhibit borderline significance (p ~ 0.05-0.06). The analysis
suggests that for comparable MOS levels, LCEVC-VVenC
consistently operates at lower bitrates than native VVenC,
indicating improved compression efficiency without perceptual
quality degradation.

To further quantify these results, BD-MOS values computed
across the evaluated bitrate range are summarised in Table III.
On average, LCEVC-VVenC achieves a BD-MOS improve-
ment of approximately —23% relative to native VVenC across
the dataset. These results confirm that the objective BD-rate

gains observed in the R—D analysis translate into validated bi-
trate savings while maintaining comparable perceptual quality.

TABLE III: BD-MOS results of LCEVC-VVenC relative to
native VVenC, with corresponding p-values from paired t-tests
and significance indicators.

Content BD-MOS (%) p-value Sig.
HD_Club -13.53 0.16 x
Samsung Niagara -44.74 0.01 v
Samsung Bayrocks -27.33 0.01 v
Samsung Boat -11.29 0.04 v
NFX_Barl -19.19 0.63 X
NFX_Dinner -35.55 0.06 ~
NFX_FoodMrkt2 -4.89 0.10 X
VL_Campfire -28.07 0.01 v
VL_CatRobot! -17.85 0.39 x
VL_ParkRunning3 -29.29 0.34 X
Average -23.17

D. Objective Metrics and Subjective Quality Correlation

The objective and subjective evaluation results collectively
demonstrate the performance gains achieved by integrating
LCEVC with VVenC. In particular, the subjective evaluation
further supports the effectiveness of perceptually oriented
objective metrics such as VMAF in approximating perceived
visual quality.

Previous studies [21]-[23] have shown that conventional
full-reference metrics such as PSNR often exhibit limited
correlation with perceptual quality, especially for modern cod-
ing systems incorporating enhancement layers or perceptual
optimisation techniques. The correlation analysis performed
in this study confirms these observations.
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Fig. 4: MOS versus bitrate curves for the evaluated UHD sequences.



TABLE IV: Pearson Correlation Between Subjective MOS and
Objective Metrics

Metric Native VVenC LCEVC-VVenC
PSNR 0.75 0.49
SSIM 0.76 0.79
VMAF 0.90 0.89
VMAF-NEG 0.90 0.89
VMAF vs. MOS VMAF NEG vs. MOS
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Fig. 5: Scatter plots showing correlation between MOS and
objective metrics for VVenC and LCEVC-VVenC encodes.

Table IV summarises the correlation coefficients between
the subjective Mean Opinion Scores (MOS) and the evalu-
ated objective metrics for both native VVenC and LCEVC-
enhanced VVenC encodes. The results show that VMAF and
VMAF-NEG achieve the highest correlation with subjective
scores, indicating their suitability for evaluating perceptually
optimised coding approaches. In contrast, PSNR demonstrates
significantly lower correlation with MOS.

The scatter plots in Fig. 5 further illustrate the relationship
between objective metrics and subjective scores for both
codecs. VMAF and VMAF-NEG exhibit strong linear trends
with MOS, while PSNR shows greater dispersion and weaker
predictive capability.

As a visual example, Fig. 6 presents frames from native
VVenC and LCEVC-VVenC encodes at comparable quality
levels (QP 23). Although the LCEVC encode exhibits a
PSNR value approximately 4 dB lower than the corresponding
VVenC encode, both VMAF and MOS indicate perceptually
equivalent quality within the just noticeable difference (JND)
range. This example highlights the limitations of PSNR as
a quality indicator for perceptually optimised and scalable
coding approaches such as LCEVC.

E. Encoding Speed

Encoding performance was evaluated by measuring the
encoding throughput in average frames per second (fps) and
the total encoding duration in seconds, as reported in Table V.

Integrating LCEVC with VVenC significantly reduces en-
coding complexity. Across the tested sequences, LCEVC-
VVenC achieves an average encoding throughput of 0.82 fps

VVenC, QP 29, 5.26 Mbps
VMAF=95.9, PSNR=39.4

LCEVC VVenC, re_perf= 29, 4.3 Mbps (-18%)
VMAF=96.0, PSNR=35.9

Fig. 6: Visual comparison of a frame from the HD Club clip.
Despite PSNR difference of 4 dB, VVenC and LCEVC-VVenC
are perceptually similar.

TABLE V: Encoding Performance Comparison Between Na-
tive VVenC and LCEVC-VVenC

Performance VVenC LCEVC-  Performance

KPI en VVenC Improvement
Avg. encoded frames/sec 0.31 0.82 2.61x
Avg. encoding time (s) 1758.39 737.09 —58%
Avg. achieved bitrate (kbps)  24057.89  19927.33 —-17%

compared to 0.31 fps for native VVenC, corresponding to an
average speed-up of approximately 2.6x.

The reduction in encoding time is also reflected in the
total processing duration, which decreases from an average of
1758 seconds for native VVenC to 737 seconds for LCEVC-
VVenC.

The speed-up becomes more pronounced for sequences with
higher spatial and temporal complexity. For example, for the
ParkRunning3 sequence, encoding speed improvements of up
to 3x were observed.

These gains stem from the LCEVC architecture, where the
base encoder processes a lower-resolution representation of the
video while the enhancement layer encodes residual details
using lightweight processing.

V. CONCLUSION

This paper evaluated the integration of LCEVC with VVenC
for UHD video encoding in terms of compression effi-
ciency, subjective quality, and encoding complexity. LCEVC-
enhanced VVenC achieves an average —30% VMAF BD-rate
improvement relative to native VVenC. Subjective evaluation
confirms these gains, with BD-MOS indicating an average
—23% bitrate reduction at equivalent perceived quality. In ad-
dition, the approach significantly reduces encoding complexity,
achieving an average 2.6x encoding speed-up. The study
also shows that perceptually aligned metrics such as VMAF
correlate strongly with subjective quality, whereas PSNR
exhibits weaker predictive capability for enhancement-based
coding approaches. These results demonstrate that LCEVC can
improve both compression and computational efficiency for
UHD video workflows. Future work will investigate decoding
performance and end-to-end system optimisation in practical
streaming environments.
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