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Abstract—In this paper, a Lagrange multiplier based
perceptual optimization scheme is proposed for high efficiency
video coding (HEVC). Firstly, we propose a non-linear
adjustment scheme for the Lagrange multiplier based on the
specialized coding structure of HEVC and human visual system
(HVS) characteristic. Then the Lagrange multiplier is
incorporated into the rate distortion optimization for mode
decision. Experimental results demonstrate the proposed scheme
can significantly improve the subjective video quality. Compared
to the HM anchor, the maximum subjective quality
improvement can be up to 30% and the average subjective
performance improvement is over 7%, 11% and 10% for
random access, low delay P and low delay B testing
configurations respectively.

I.

INTRODUCTION

High Efficiency Video Coding (HEVC) [1] significantly
improves the coding efficiency over the preceding standards,
such as H.264/AVC [2]. With the MOS as the subjective
measurement, the subjective performance improvement can
be up to 57% compared to H.264/AVC [3]. For the
contribution to the significant coding efficiency improvement
of HEVC, rate distortion optimization (RDO) plays an
important role besides the new coding tools, e.g. quad-tree
partition based coding structure etc. The RDO scheme can be
described as minimizing the perceived distortion D with the
number of used bits R subjected to a constraint Rc as follows.
min{D}
s.t. R ≤ Rc ,
(1)
where D is in terms of the sum of absolute difference (SAD)
or the mean square error (MSE).
The above constrained optimization problem can be equally
converted to an unconstrained optimization problem as (2) by
Lagrangian optimization technique [4].
min{J }
J = D+λ⋅R,
(2)
where J is called rate-distortion (R-D) cost. λ is known as
Lagrange multiplier which controls the tradeoff between R
and D.
In (2), λ is commonly considered to have great influence
for the coding performance. Thus, in order to achieve optimal
R-D performance, it is important to choose reasonable λ. In
the H.264/AVC, the λ is suggested to be as follows [16]:

λ = 0.85 ⋅ 2

QP −12
3

,

(3)

where QP is the quantization parameter (QP). This suggestion
was proposed based on empirical results and typical R-D
models [14][15]. It also suggests that λ is a function of QP
only and therefore is independent of the frame properties,
which simplifies the problem but may not result in optimal λ.
In HEVC, λ is further adjusted according to the frame depth,
and significant coding performance can be achieved by this
adjustment. In [9], it is stated that the reasonable adjustment
for λ can achieve perceptual performance improvement.
In the literature, significant progress has been made to
adapt λ on frame level when MSE is used as the distortion
measure. In [17], Chen et al. developed an adaptive λ
estimation algorithm by modeling the R and D in ρ domain,
where ρ is defined as the percentage of zero coefficients
among quantized transform residuals. In [18], Laplace
distribution-based rate and distortion models were established
to derive λ for each frame dynamically.
However, SAD and MSE are widely criticized for not
correlating well with perceived quality since the ultimate
receiver of the video is human eye. Therefore, the perceptual
based video coding is always a hot topic, and vision model
has been considered in the early coding standards [5].
However, human visual system is so complicated that it
cannot be represented accurately by a simple model. In the
actual video coding, a practicable scheme is to incorporate the
perceptual distortion into the R-D cost for mode decision. In
the previous researches, many works focused on the
formulation of perceptual distortion. In [6], Structure
Similarity (SSIM) is proposed to be an effective subjective
video quality measurement. Based on SSIM, in [7][8], the
perceptual distortion is described as (1-SSIM), and then
perceptual RDO can be achieved. In [9], the authors proposed
to utilize 1/SSIM as the perceptual distortion. And a
perceptual optimization scheme is proposed based on the λ for
HEVC.
In the recent researches, the divisive normalization theory
[7][10] is investigated in the perceptual optimization. It is
stated that it can reflect the visual characteristic of human eye
at a certain extent [11]. In the image/video processing, the
divisive normalization is widely utilized [12][13]. However,
the calculation scheme for divisive normalized factor (DNF)
is somewhat different. e.g. the local characteristic based
scheme [13] and distribution model based scheme [11].

In this paper, a Lagrange multiplier based perceptual
optimization scheme is proposed to improve the subjective
performance of HEVC. Firstly, considering the perceptual
characteristic of HVS, a non-linear zooming scheme is
proposed to adjust the divisive normalization factor, and then
the adjusted factor is utilized to adjust quantization parameter.
Secondly, the adjusted factor is applied to adjust Lagrange
multiplier for mode decision in order to improve the
subjective performance.
The rest of the paper is organized as follows. Section II
shows the proposed Lagrange multiplier based perceptual
optimization scheme for HEVC. The experimental results are
provided in Section III. Finally, we conclude the paper in the
last section.
II.

PROPOSED PERCEPTUAL RATE-DISTORTION
OPTIMIZATION FOR HEVC

In [7], based on the divisive normalization theory, a
perceptual rate-distortion optimization scheme is proposed for
H.264/AVC. The main idea is to calculate a divisive
normalization factor to adjust the QP for a given macro block.
Since HEVC adopts many new coding techniques, it is not
reasonable to utilize this method into HEVC directly. Thus in
[7], the author improved the scheme in [7] and subjective
performance improvement is achieved. However, the
improved scheme still does not fully consider the perceptual
characteristic of HVS. In this paper, we further improve the
perceptual optimization scheme for HEVC based on Lagrange
Multiplier.
A. Proposed non-linear zooming scheme
In [7], in order to smooth the DNF, Gaussian filter is firstly
to filter the coding unit. Then DNF is calculated by (4).
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where I i (k ) denotes the Gaussian filtered coefficients. E
denotes the mathematic expectation. Then the achieved DNF
is incorporated into the adjustment of the quantization step, Qs,
as follows.
Qs′ = f ′ ⋅ Qs ,
(5)
where Qs′ denotes the adjusted quantization step.
However, the DNF after Gaussian filter still fluctuates
much as illustrate in Fig. 1. It can be seen that the DNF of
adjacent CU varies much and the quantization step of the
adjacent CU has a big difference, which lead to the big quality
fluctuation of adjacent CU. This evident fluctuation is not
accordance to the characteristic of HVS. It can lead to aircraft
on the boundary of adjacent CU, which will affect the
subjective quality of the frame much.
In order to smooth the fluctuation, we proposed a non-linear
zooming scheme to smooth the DNF of adjacent CU as (6).
This method can convert the domain with fierce changing into

flat domain, which will not bring discomfort for HVS.
Meanwhile, the subjective performance can be ensured.
3 f ′+1 − 1
,
(6)
f =
2⋅3f ′ +1
After performing (6), the value of f ′ can be limited into a
suitable domain as [0.5, 1.5]. Fig.2 presents the comparisons
between the original DNF distribution and the adjusted DNF
distribution by the proposed non-linear zooming scheme. It
can be evidently observed that the proposed scheme can
obtain much smoother DNF.
Then f is utilized to adjust the quantization step as (6) and
the new quantization step will be incorporated to the
following quantization process.
(7)
Q s' = Q s ⋅ f .
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Fig. 1 Distribution of divisive normalization factor in reference [10]
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Fig. 2 Distribution comparisons of divisive normalization factor between the
proposed non-linear zooming scheme and the scheme in reference [10]

B. Lagrange multiplier based perceptual optimization for
HEVC
The shortcoming of traditional rate distortion optimization
as in (1) is the component D cannot reflect the characteristic
of HVS. The ideal perceptual rate distortion optimization
should be represented as:
J = Dp + λ ⋅ R
where Dp denotes the perceptual distortion. Intuitively, Dp has
great correlation with D and f.
For a given coding unit, the distortion can be calculated by
l

N −1

D p = ∑∑ (Ci (k ) '− Ri (k ) ')2
i =1 k = 0
l
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∑
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(8)

D
f2
where Ci (k ) ' and Ri (k ) ' denote the divisive normalized value
and divisive normalized value of transformed coefficients.
=

For a given district, the value f is the same. Then in our
paper, the defined perceptual rate distortion cost can be
modified as:

J p = D + (λ ⋅ f 2 ) ⋅ R
= D + λp ⋅ R

,

(11)

where JP denotes the modified perceptual rate distortion cost.
Thus it can be concluded that perceptual rate distortion cost
can be considered as an adjustment of Lagrange Multiplier
based on perceptual characteristic.
III.

Table I Subjective performance of proposed scheme and comparisons
between other algorithms for RA-main
ref [10]
ref[9]
Proposed
Sequence
BD
BD
BD
BD
BD
-Rate
-SSIM
-Rate
-SSIM -SSIM
Class A
2.19%
-7.67%
6.46%
-6.19% -7.7%
Class B
4.33%
-6.74%
10.15% -4.54% -3.6%
Class C
2.36%
-7.01%
7.93%
-4.33% -6.8%
Class D
3.04% -10.37%
9.15%
-8.90% -7.3%
Class E
1.64%
-3.77%
4.36%
-1.74%
-Arg.
2.92%
-7.21%
7.90%
-5.30% -5.5%
Table II Subjective performance of proposed scheme for LDP-main and
LDB-main

EXPERIMENTAL RESULTS

To evaluate the performance of the proposed algorithm, the
experiments are conducted on HEVC test model HM10.0.
SSIM is utilized to measure the subjective quality. When
comparing the coding performance difference, we utilize the
popular method proposed in [19] to calculate the difference
between two R-D curves.

BD-Rate
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B. Subjective quality comparisons
Fig. 4 provides the subjective comparisons between the
HM10.0 anchor and the proposed scheme for BQSquare. It
can be seen that the proposed scheme has better subject

LDB-main

0.98

SSIM

A. R-D performance
Firstly, experiments are conducted for RA configuration.
Table I presents the R-D performance of the proposed scheme
and the comparisons with related algorithms. It can be seen
that the proposed scheme achieved better performance. For
class D test sequences the subjective coding gain can be up to
10.57%. And the average performance gain is much higher
than the other two algorithms. Table II shows the coding
performance of the proposed scheme for LDP and LDB
configurations. It can be seen that the average coding gains
for LDP and LDB are over 11% and 10% on average,
respectively. Especially, for the sequence, BQSquare, the
subjective performance improvement can be over 30% in
LDP and LDB testing configuration.
In order to further show the coding efficiency of the
proposed scheme, six R-D curves are shown in Fig. 3 for
different coding configurations. Compared with HM anchor,
it can be observed that the proposed scheme can improve the
subjective quality under low and high bit rate.

LDP-main

Sequence

SSIM

(10)

C. Complexity analysis
In the proposed perceptual rate-distortion optimization
scheme, the calculation of DNF has little influence for the
coding complexity. The computation overhead of the
proposed method for RA, LDP and LDB is only about 1.34%,
1.2% and 1.17% respctively, which can be neglected.

SSIM

f 2 ⋅ J = D + (λ ⋅ f 2 ) ⋅ R .

quality but with lower bit rate, especially in the areas with
more subjective sensitivity.

SSIM

X i (k ) and Yi (k ) are original transformed coefficient and
inverse transformed coefficients.
Thus, the perceptual based rate distortion cost can be
represented as follow.
D
J = 2 +λ⋅R,
(9)
f
Considering that different adjustment of λ for frame in
different depth is adopted. Firstly we change the above
formula (9) into an equivalent formula as follow.
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Fig. 3 R-D curves of the performance comparison with HM anchor

(a)

HM10.0, bitrate：284.7456bit/s，PSNR: 31.8867dB，SSIM: 0.8959

(b) Pro, bitrate：277.2024kbit/s，PSNR: 31.4131dB，SSIM: 0.9094
Fig. 4 Subjective comparisons for BQSquare_416x240

IV. CONCLUSIONS
In this paper, a Lagrange multiplier based perceptual
optimization scheme is proposed to improve the subjective
quality for HEVC. Firstly, a non-linear zooming scheme is
proposed for the calculation of divisive normalization factor.
Then the factor is incorporated into the adjustment of the
Lagrange multiplier in order to compute the perceptual rate
distortion cost for mode decision. The experimental results
demonstrate the proposed scheme improved the subjective
quality significantly.
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