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Introduction to the Special Issue on HEVC
Extensions and Efficient HEVC Implementations

H IGH EFFICIENCY Video Coding (HEVC) is the most
recent standard in the series of major video coding

standards jointly produced by the ITU-T Video Coding Experts
Group (VCEG) and the ISO/IEC Moving Picture Experts
Group (MPEG). HEVC was first approved in 2013 in the ITU-
T as Recommendation H.265 and in ISO/IEC as International
Standard 23008-2, and it offers an unprecedented degree of
compression capability for a very wide variety of applications.
In the three years since its initial completion, it has been
extended in several important ways to further broaden its
scope. This special issue on HEVC features two sections:
1) HEVC extensions and 2) efficient HEVC implementations.

The first special section features a series of invited papers to
present the recent extensions to HEVC that expand its range
of applications.

The paper “Overview of the Range Extensions for the
HEVC Standard: Tools, Profiles and Performance” by Flynn,
Marpe, Naccari, Nguyen, Rosewarne, Sharman, Sole, and Xu
gives insight into the HEVC extensions to support color sam-
pling formats other than 4:2:0, bit depths higher than 10 bits,
and improved compression in the lossless and near lossless
range. These range extensions (RExt) were the first additions
to the core design of HEVC version 1.

The paper “Overview of SHVC: Scalable Extensions of the
High Efficiency Video Coding Standard” by Boyce, Ye, Chen,
and Ramasubramonian describes the new elements of SHVC
that were added to support various modes of scalability and
layered access, e.g., enabling decoding of lower resolution
formats from parts of a bitstream.

The paper “Overview of the Multiview and 3D Extensions
of High Efficiency Video Coding” by Tech, Chen, Müller,
Ohm, Vetro, and Wang describes an extension for supporting
stereo- and multi-view captures without changes in low-level
coding tools, nicknamed MV-HEVC, and another extension
called 3D-HEVC that defines new coding tools for more
efficient joint compression of video and depth, as necessary
for advanced 3D applications.

The HEVC additions RExt, SHVC, and MV-HEVC were
finalized in 2014, and 3D-HEVC was finalized in early 2015.

New coding tools specifically designed for better
compression of computer-generated content are described in
“Overview of the Emerging HEVC Screen Content Coding
Extension” by Xu, Joshi, and Cohen. This extension is
currently under development and is expected to be finalized
by early 2016.

Capabilities for compressing high dynamic range (HDR)
and wide color gamut (WCG) sources are introduced in
“High Dynamic Range and Wide Color Gamut Video Coding
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in HEVC: Status and Potential Future Enhancements” by
François, Fogg, He, Li, Luthra, and Segall. HDR and WCG
are expected to become especially important in future Ultra-
HD services and displays. An extension for these technologies
is expected for 2016 or later.

As the final contribution to the special section, the paper
“Video Quality Evaluation Methodology and Verification
Testing of HEVC Compression Performance” by Tan, Weer-
akkody, Mrak, Ramzan, Baroncini, Ohm, and Sullivan pro-
vides the results from a recent verification test about the ben-
efits of HEVC compression in comparison with previous stan-
dards, in particular with regard to subjective quality evaluation.

The second special section features 12 papers selected
from 40 submissions that aim to address the need for effi-
cient HEVC implementations for both encoders and decoders
to enable real-time processing. Topics covered range from
encoder algorithm optimizations to software and hardware
implementations.

The first five papers present implementation-friendly encod-
ing algorithms that efficiently trade off coding efficiency
and complexity. The paper “Subjective-Driven Complexity
Control Approach for HEVC” by Deng, Xu, Jiang, Sun,
and Wang proposes an approach that speeds up encoder
decisions by a novel scheme for limiting the depth of the
coding unit (CU) tree, based on complexity and objective/
subjective distortion criteria. The paper “Fast Quantization
Method with Simplified Rate-Distortion Optimized Quanti-
zation for an HEVC Encoder” by Lee, Yang, Park, and
Jeon describes methods to reduce the complexity of the
rate-distortion optimized quantization process in HEVC.
In “Lagrangian Multiplier Adaptation for Rate-Distortion
Optimization with Inter-Frame Dependency,” Li, Zhu, Gao,
Zhou, Dufaux, and Sun consider encoder decisions over
multiple frames. The idea of the paper “Fast CU Partition-
ing Algorithm for HEVC Using an Online-Learning-Based
Bayesian Decision Rule” by Kim and Park is to terminate the
CU partitioning process early, based on a Bayesian decision
rule using joint online and offline learning. The paper “DCT
Coefficient Distribution Modeling and Quality Dependency
Analysis-Based Frame-Level Bit Allocation for HEVC” by
Wu, Wei, Hui, and Xu optimizes frame-level bit allocation
for improved coding efficiency and stable buffer control.
Finally, the paper “Adaptive Fast Quadtree Level Decision
Algorithm for H.264/HEVC Video Transcoding” by Díaz-
Honrubia, Martínez, Cuenca, Gamez, and Puerta describes a
way to transcode video from the current dominant format
known as Advanced Video Coding (AVC) into the newer
HEVC format—doing so in a way to substantially reduce
computational complexity with a minimal degradation of com-
pression performance.
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The next two papers show high-throughput software encoder
and decoder implementations on multi-core processors. The
paper “4K Real-Time and Parallel Software Video Decoder
for Multilayer HEVC Extensions” by Hamidouche, Raulet,
and Déforges describes a multi-layer HEVC decoder that is
parallel friendly and supports both wavefront and frame-based
parallelism techniques. The paper “A Novel Wavefront-Based
High Parallel Solution for HEVC Encoding” by Chen, Sun,
Duan, and Guo uses SIMD and wavefronts, across multiple
frames to enable parallel encoding.

Finally, the last three papers present efficient ASIC imple-
mentation and FPGA hardware for HEVC encoders or
decoders with a focus on efficient area/memory/resource
utilization while delivering real-time high-resolution (Ultra-
HD) processing. The paper “Merge Mode Estimation for a
Hardware-Based HEVC Encoder” by Kim, Rhee, and Lee
describes the implementation challenges involved in designing
high-throughput motion estimation architectures for merge
mode. Based on the

study, it proposes a hardware engine in 65 nm that can do
merge mode motion estimation for Ultra-HD 4K at 25 fps
for P slices with a 366-MHz clock frequency. The paper
“Algorithm and Architecture Design of the H.265/HEVC Intra
Encoder” by Pastuszak and Abramowski proposes an efficient
intra encoder in 65 nm that delivers Ultra-HD 4K at 30 fps
while consuming 273 mW with only a 5% increase in bit
rate for equal quality with the reference encoder. The paper
“Lossless Frame Memory Compression Using Pixel-Grain
Prediction and Dynamic Order Entropy Coding” by Lian, Liu,
Zhou, and Duan describes a lossless reference frame compres-
sion implementation for an encoder that delivers 69% memory
bandwidth compression and 57% reduction in DRAM power
with compressor and decompressor throughputs of 1.5 and
0.8 Gpixels/s, respectively. The paper “4K Real-Time HEVC
Decoder on FPGA” by Abeydeera, Karunaratne, Karunaratne,
De Silva, and Pasqual demonstrates Ultra-HD 4K at 30 fps
decoding implemented on a Zynq 7045 platform with a
150-MHz clock frequency.
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