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ABSTRACT 
 
With the increase of video resolutions used in multimedia 
applications, solutions for improved compression are 
sought. The next generation video compression standard, 
High Efficiency Video Coding (HEVC) is being developed 
by ITU-T and ISO/IEC MPEG with the goal to provide sig-
nificant improvements over H.264/AVC. To further in-
crease compression capabilities of HEVC, this paper pro-
poses an additional bitrate saving mechanism. In this con-
text, an Intensity Dependant Spatial Quantization (IDSQ) 
perceptual tool is proposed which exploits the intensity 
masking of the human visual system and perceptually ad-
justs quantization. The proposed IDSQ allows for adapta-
tion to the video characteristics and its design meets low 
complexity implementation requirements. The proposed 
IDSQ has been tested in the HEVC test model and its per-
formance is reported under “just noticeable distortion” or 
“perceptually lossless” conditions. In this setup, bitrate re-
ductions of up to 25% are reported with an average of 3.4% 
over an exhaustive test setup. 
 

Index Terms— Human visual system, luminance mask-
ing, quantization, video coding, HEVC. 
 

1. INTRODUCTION 
 
In the past few years, High Definition Television (HDTV) 
services became more popular in broadcasting and other 
applications, while the development of technologies sup-
porting Ultra High-Definition Television (UHDTV) [1] has 
significantly progressed. For these new formats, the need to 
reduce the storage space and transmission bandwidth will 
become more stringent in the future. This problem has been 
addressed with the standardization activities carried out by 
both the ITU and MPEG which joined efforts in the so-
called Joint Collaborative Team on Video Coding (JCT-
VC). The JCT-VC has the mandate to investigate and define 
the future High Efficiency Video Coding (HEVC) standard 
[2]. HEVC follows a successful Call for Proposals (CfP) 
issued by the ITU and MPEG in January 2010 and targeting 
coding technology providing the same objective quality as 
H.264/AVC at approximately half of the bitrate [3].  

The video codec specified by the HEVC standard still 

relies on the conventional block-based hybrid motion com-
pensated predictive architecture although several novel cod-
ing tools have been introduced for each coding stage [2]. In 
particular, additional prediction directions are introduced for 
intra coding, block sizes larger than the usual 16×16 ma-
croblock are considered for intra prediction, motion com-
pensation and frequency transformation. The discrete sine 
transform is applied over intra predicted residuals for 4×4 
blocks while over any 4×4 blocks HEVC allows the trans-
form to be skipped and quantization of the data in the spatial 
domain. Moreover, a novel Sample Adaptive Offset (SAO) 
filter is inserted in the coding loop after deblocking to fur-
ther reduce coding distortion. The combination of these 
coding tools allows HEVC to achieve an average bitrate 
reduction of up to 36% when compared to its predecessor 
H.264/AVC at the same Peak-Signal-to-Noise-Ratio 
(PSNR) level [4].  

The compression efficiency of HEVC can be further im-
proved by considering the properties of the Human Visual 
System (HVS). In fact, it is well known that the HVS has a 
space and time varying sensitivity to the distortion intro-
duced by quantization in video coding [5]. This varying 
distortion sensitivity of the HVS can be exploited in the 
design of perceptual coding tools which perform coarser 
quantization in image areas where the HVS is less sensitive 
and finer quantization in other areas. 

The aforementioned perceptual coding tools rely on 
models of the HVS which link the sensitivity to coding dis-
tortion with image features. The distortion sensitivity is 
usually quantified by means of the Just Noticeable Distor-
tion (JND) which refers to the maximum amount of distor-
tion that can be introduced in a given image area without 
being noticeable by an observer [5]. The models proposed 
for the HVS sensitivity to distortion (hereafter also denoted 
as JND models) take into account spatial and temporal 
masking phenomena. Among the HVS spatial masking phe-
nomena, this paper addresses the one associated with the 
luminance or, more generally, with the pixel intensity varia-
tions. This masking phenomenon refers to the low HVS 
sensitivity to the distortion introduced in brighter and darker 
image areas. A typical example of this phenomenon is the 
difficulty of seeing a light bulb which turns on if the back-
ground is very bright. The integration of perceptual coding 
tools which use JND models in video coding can improve 



compression efficiency using perceptual quantization. The 
integration has to tackle several issues, namely fine granu-
larity for perceptual rate allocation and low complexity im-
plementation. More precisely, fine granularity for perceptual 
rate allocation means that the quantization step can be ad-
justed on small image areas to better adapt to local intensity 
changes. Moreover, low complexity implementation means 
that such coding tools do not increase the computational 
resources. Finally, the integration of JND models in a video 
codec should also allow flexibility of the model in adapting 
to the varying spatial and temporal video sequence characte-
ristics.  

In this context, this paper proposes a perceptual coding 
tool denoted as Intensity Dependent Spatial Quantization 
(IDSQ) which performs perceptual quantization using a 
JND model for the mentioned HVS intensity masking phe-
nomenon. The IDSQ tool is integrated in the HEVC test 
models and allows bitrate reductions at the same perceptual 
quality of videos coded with the HEVC. The novelty 
brought by this paper can be summarized in the following 
three contributions. First, a perceptual coding tool for quan-
tization based on the HVS intensity masking is proposed. 
Second, to adapt the used model to the video characteristics, 
an efficient transmission of its parameters is devised. Third, 
a low complexity implementation design is proposed.  

The remainder of this paper is structured as follows. 
Section 2 briefly reviews the literature related to the integra-
tion of perceptual coding tools in video codecs. Section 3 
presents the proposed IDSQ perceptual tool and its integra-
tion in the HEVC test model. Section 4 reports and dis-
cusses the experimental results obtained with the proposed 
IDSQ and finally, Section 5 concludes the paper and sug-
gests future extensions.  
 

2. RELATED BACKGROUND 
 
Once a JND model has been designed to account for the 
HVS masking phenomena, it can be used to devise percep-
tual coding tools (e.g. perceptual quantization, perceptual 
in-loop filtering, etc.). Video coding architectures which 
integrate some perceptual coding tools are usually known as 
perceptual video codecs. This section briefly reviews some 
works proposed in the literature on this topic. For a though-
tful review of the literature for JND modeling the interested 
reader is referred to Chapter 9 of [5]. 

One of the first attempts to use a JND model in video 
codecs dates back to the nineties with the work by Chou and 
Chen [6]. They designed a pixel domain JND model which 
takes into account both spatial and temporal masking phe-
nomena. The model is then used in a spatio-temporal wave-
let video codec to perform perceptual quantization and Un-
equal Error Protection (UEP) in robust transmission. More 
precisely, perceptual quantization is achieved by quantizing 
more high spatio-temporal frequency coefficients, while 
UEP is attained by allocating more channel redundancy to 

image areas where the JND is lower according to the model. 
This perceptual video codec has been compared with Equal 
Error Protection (EEP) in error prone transmission envi-
ronments. For the same amount of channel redundancy, this 
perceptual codec provides better subjective and objective 
video quality than the same codec which performs EEP on-
ly.  

Leung and Taubman [7] improved a state-of-the-art JND 
model which computes the HVS sensitivity assuming the 
wavelet transform as a frequency decomposition tool. The 
improvement regards the model related to the HVS contrast 
masking which refers to the low HVS sensitivity to the dis-
tortion in areas with a large amount of texture details. The 
authors proposed to vary quantization parameters with re-
spect to the spatio-temporal gradient between two frames. In 
this way a fine quantization is used in areas with low spatial 
and low motion activity. The proposed JND model has been 
used to weight the distortion in the rate-distortion optimiza-
tion process for a wavelet-based video codec. A subjective 
comparison at the same bitrate showed that videos coded 
with the proposed perceptual codec have higher quality 
compared to coding with the underlying wavelet-based co-
dec. The same trend is also reported for objective quality.  

Chen and Guillemot in [8] improved the spatio-temporal 
model proposed by Chou and Chen in [6]. The enhancement 
is achieved by the incorporation of a foveation model which 
reduces the JND levels in image areas in which the viewers' 
attention is focused. The improved JND model is then used 
in an H.264/AVC codec to perform perceptual quantization. 
More precisely, for each macroblock to be coded, the JND 
value provided by the model is used to vary the quantization 
step so that macroblocks with high JND values will be 
coarsely quantized. The authors assessed the performance of 
this perceptual codec by comparing the subjective quality of 
the videos coded with their proposal and those coded with 
H.264/AVC in the High profile. In a subjective test which 
compared videos at same bitrates, the perceptual codec was 
rated with better scores. 

Finally, Naccari and Pereira in [9] considered a state-of-
the-art JND model which provides the JND levels in the 
Discrete Cosine Transform (DCT) domain. The model is 
used to vary the quantization step for each DCT coefficient 
in a H.264/AVC based video codec. In order to avoid send-
ing the varying quantization step for each coefficient, the 
authors devised a decoder-side JND level computation 
based on the motion compensated predictor used for each 
coded block. The performance for this perceptual video 
codec has been compared against H.264/AVC coding in the 
High profile and the perceptual codec proposed by Chen 
and Guillemot in [8]. The quality is assessed by two objec-
tive video quality metrics. According to the assessment me-
thodology used, this codec provides the same perceptual 
quality as the H.264/AVC codec with an average bitrate 
reduction of 30% while, the codec in [8] provides an aver-
age reduction of 10%. It should be noted that the perceptual 



codec proposed in [9] requires changes to H.264/AVC syn-
tax to incorporate the decoder-side JND model estimation. 
 

3. INTENSITY DEPENDENT SPATIAL 
QUANTIZATION 

 
This section presents IDSQ, the proposed coding tool, 
which is based on the intensity masking of the HVS. First 
the aspects of the JND modeling are addressed and then the 
IDSQ tool is presented. 
 
3.1. Intensity masking and associated JND model 
 
The intensity masking of the HVS reduces sensitivity to 
coding artifacts introduced in areas with high and low pixel 
intensities. The JND model associated with this masking 
can be represented by a U-shape curve, with respect to in-
tensity values, which defines the maximum amount of dis-
tortion tolerated for the considered intensity value [5]. The 
data related to this curve are collected by means of subjec-
tive experiments where random noise is added to a flat im-
age with all pixels at a given intensity value v. The noise is 
gradually added and for each noise intensity level the ob-
servers indicate whether the noise is visible. When the ma-
jority of the observers indicate that the noise is visible, its 
intensity becomes the JND associated to v. A selection of 
points from the whole intensity range are tested and the re-
maining JND values are interpolated. The curve obtained is 
called the JND profile.  

In this paper the intensity masking is considered and in-
tensity dependent quantization is carried out. Therefore the 
JND profile is denoted as the Intensity Dependent Quantiza-
tion (IDQ) profile. Profiles used in this paper are derived 
from polynomial interpolation, following the shape of the 
curve proposed in [10]. Considering the pixel luminance (μ) 
as representative of the pixel intensity and 8-bit pixel preci-
sion, the IDQ profile is: 
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In [10] the parameters k1, k2, �1 and �2 are set to 2, 0.8, 3 and 
2, respectively. In video coding the intensity μ can be com-
puted as the average for all the pixel intensities in each 
block B. Therefore, the average pixel intensity in this paper 
is denoted as μ(B). 
 
3.2. Perceptual rate allocation and adaptation to video 
characteristics 
 
From the profile in (1) the IDSQ tool can be now designed 
to perform perceptual quantization. For a uniform quantizer 
with step �, applied to each frequency coefficient C, the 

reconstruction error eq is always in interval [-�/2, �/2]. Ac-
cording to the JND definition and the intensity dependent 
masking, eq is not noticeable if: 

 ))(IDQ(' B�CCeq �� , (2) 

where C’ denotes the reconstructed transform coefficient. 
Taking into account the range of eq, the quantization step 
which introduces the maximum amount of unnoticeable 
distortion is: 

 ))((IDQ2     ))((IDQ
2

BB �� �����
� . (3) 

The condition in (3) specifies only one rate-distortion point. 
To obtain different rate-distortion points, the quantization 
step � can be varied and then multiplied by 2 · IDQ(μ(B)) to 
perform perceptual quantization. Moreover, it should be 
noted that the constant 2 can be included in the IDQ profile 
values. Therefore, hereafter, IDQ(μ(B)) will simply denote 
the factor multiplied to � to exploit the intensity masking 
phenomenon. 

When using the IDQ profile for perceptual quantization, 
it would be desirable that the encoder has the freedom to 
select different profiles depending on the specific applica-
tion. Ideally the encoder should be able to communicate to 
the decoder a different profile for each coded frame and 
component (i.e. luma and chroma). However, the amount of 
transmitted data may be significant, especially for low bi-
trate application scenarios. To address this issue, a compact 
and general representation for the IDQ profile is proposed. 
The starting point for this novel profile representation is the 
relation between � and quantization parameter QP, which 
for HEVC is: 

 6/)4QP(2 �� . (4) 

By computing the IDQ step (�IDQ) as �·2·IDQ(μ(B)) and 
inverting (4), the QP associated to �IDQ can be computed. 
This perceptual QP can be expressed with respect to the 
base QP obtaining the intensity differential quantization 
parameter (idQP): 
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In order to limit QP and idQP computed in this way to in-
teger values, rounding is applied: 

 � �5.0))(IDQ(log6)(idQP 2 ��� �� , (6) 
Where ��� denotes the rounding to the nearest integer less 
than the argument. The relation between the idQP and the 
IDQ(μ) is also depicted in Fig. 1 whereby the initial IDQ 
profile is translated to idQP values using equation (6). As 



shown, the IDQ profile approximated in idQP units, as-
sumes a staircase shape which can be efficiently transmitted 
using Differential Pulse Code Modulation (DPCM). More 
precisely, the whole μ range [0, 2n - 1] is divided into bins 
whereby each bin (b) is characterized by its width (w) and 
the quantity � = idQP(bm) – idQP(bm-1) as depicted in Fig. 
1. The required bitrate to transmit the idQP values is now 
reduced using the proposed approximation. Moreover, given 
the smooth variations associated with the profiles proposed 
in the literature (e.g. [8] presented in formula (1)), the val-
ues for � can be set to be only ±1. The proposed representa-
tion reduces also the computational complexity. In fact, the 
perceptual QP (QPIDQ) can be now obtained by a simply 
adding QP to idQP rather than multiplying � by IDQ(μ). 
With the proposed representation, only the idQP values are 
stored and the QPIDQ is computed on the fly using only addi-
tions. Finally, the mapping of intensity values to idQP is 
transmitted in the compressed bitstream. 
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Fig. 1. idQP values relatively to the corresponding IDQ  
profile. 
 
3.3. Low complexity and low delay implementation 
 
The average pixel intensity μ(B) is estimated by computing 
the average intensity over all the pixels belonging to the 
predictor (spatial or temporal) used for block B. At the 
encoder side the forward quantization uses QP + idQP. 
Inverse quantization is adapted to additional low-delay 
constraints imposed by predictor availability in some 
implementations. If average intensity is computed from a 
predictor, the inverse quantization step at the decoder is 
dependent on the block predictor availability. This 
dependence may introduce latency in some practical 
decoder implementations which rely on parallel processing. 
For example, considering the computation of the motion 
compensated predictor, in the decoder's pipeline the 
predictor may become available only before actual 
reconstruction, i.e. after inverse quantization and inverse 
transform. To avoid this dependency the proposed IDSQ 
operates the perceptual inverse quantization in the spatial 
domain. Fig. 2 depicts the block scheme for the proposed 
IDSQ. The figure only considers the decoder as the 
quantization step at the encoder is not dependent on the 

predictor availability. Therefore, the entropy decoded 
coefficient levels in Fig. 2 can be now inverse quantized to 
obtain the reconstructed residuals c’. Then, the inverse 
transform can now be applied to obtain the perceptually 
scaled residual r’. With the IDSQ tool no further latency is 
introduced. The perceptual (inverse) quantization is done in 
the “inverse scaling” module that provides the reconstructed 
residuals r̂  which are then added back to the predictor to 
reconstruct the coded block. The “inverse scaling” module 
is the same as the inverse quantizer (used in the main 
inverse quantization stage and denoted as Q-1 in the figure) 
but operating in the spatial domain. The re-use of the same 
inverse quantizer avoids adding new block processing 
designs to the codec architecture. 
 

4. EXPERIMENTAL RESULTS 
 
The proposed IDSQ tool has been integrated to the HEVC 
test model and its performance is reported in this section. 
First the test conditions, benchmarks and performance indi-
cators are described. Then the results are presented and dis-
cussed. 
 
4.1. Test material and coding conditions 
 
The HEVC reference test model (HM) software version 7.0 
has been used to test the IDSQ proposal. With the resulting 
perceptual HM codec, the JCT-VC test material has been 
encoded according to the JCT-VC common test conditions 
[11]. More precisely, the test material contains several se-
quences spanning a wide range of spatial and temporal reso-
lutions. The whole test set is divided into six classes: A to F. 
Classes A to E contain camera captured contents while 
Class F contains sequences with computer generated ob-
jects. The JCT-VC common test conditions [11] specify 
four coding configurations: All Intra, Random Access, Low 
Delay B and Low Delay P. Each one of these configurations 
is run in the Main or High Efficiency 10-bit (HE10) modali-
ty. The HE10 modality uses 10-bit processing for encoding 
while the Main modality uses 8-bit processing. Furthermore, 
in the HE10 coding the adaptive loop filter, transform skip, 
non-square quad tree and chroma from luma mode are used 
as additional coding tools. Finally, for the IDQ profile in 
(1), from which idQP values are derived, the parameters k1,  
 
Table 1: Parameters used for the IDQ profile in (1). 

QP
Parameter 22 27 32 37 

k1 4 4 1 0.4 
k2 0.8 0.8 0.4 0.2 
�1 3 3 3 3 
�2 2 2 2 2 
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Fig. 2. Decoder block scheme for the Intensity Dependent Spatial Quantization (IDSQ). 

Table 2. BD-rates in [%] for the luma component relative to the HEVC codec  
which performs perceptual quantization and uses dQP. 

 All Intra Random Access Low delay B Low delay P 
 Main  HE10 Main  HE10 Main HE10 Main HE 10 
Class A -4.3 -4.3 -3.5 -3.6 - - - - 
Class B -2.8 -2.8 -2.8 -2.8 -3.4 -3.3 -3.7% -3.5% 
Class C -2.8 -2.8 -2.7 -2.7 -3.3 -3.1 -3.5% -3.3% 
Class D -2.4 -2.3 -2.6 -2.4 -3.3 -2.9 -3.4% -3.2% 
Class E -4.6 -4.5 - - -3.3 -3.4 -3.5% -3.6% 
Average -3.2 -3.2 -2.8 -2.8 -3.3 -3.3 -3.2% -3.2% 

 
k2, �1 and �2 have been made dependent on the QP value 
used for encoding. This dependency is necessary since for 
high QP values, more gentle IDQ profiles are needed. The 
values for these parameters are listed in Table 1.  
 
4.2. Benchmarks and performance indicators 
 
The performance of the proposed IDSQ is compared to the 
performance of underlying HEVC codec (the anchor). Since 
IDSQ provides a perceived quality which is perceptually 
lossless with respect to the HM anchors, the bitrate reduc-
tions are measured. 

Moreover, to further assess the benefit brought by using 
the decoder-side estimation, another experiment has been 
conducted. The differential QP (dQP) tool specified by the 
HEVC standard is used to perform intensity dependent 
quantization. This tool signals to the decoder the varying 
QP for each Coding Unit (CU, [2]) of sizes 8×8 to 64×64. 
In this setup, the same IDQ profile is used as for IDSQ to 
vary the quantization step. The average intensity for each 
CU is computed over the luma pixels in the original image 
blocks. In this way the intensity estimation is not needed at 
the decoder side.  

For the HEVC codec with the IDSQ the bitrate differ-
ence with respect to HEVC with dQP tool has been meas-
ured and expressed as Bjøntegaard Delta over the bitrate 
(BD-rate) [12]. The BD-rate measures the bitrate reductions 
between two codecs for the same level of PSNR. Here the 
PSNR is used as distortion metric since the in both cases the 
quantization is driven by the IDQ profile. Negative BD-

rates values indicate bitrate savings achieved using tested 
codec. 
 
4.3. Experimental results and discussion 
 
Visual quality of decoded sequences was inspected in a 
side-by-side comparison with the HM anchors (HEVC cod-
ing according to JCT-VC common test conditions without 
considering IDQ). From this informal viewing, no quality 
differences between the HM anchors and the IDSQ coded 
videos were noted. Since the perceived quality is the same, 
the bitrate reductions have been measured and the results 
are summarized in Figure 3. In this figure, negative values 
denote a bitrate reduction against the anchor. For all test 
points the bitrate differences have been sorted in ascending 
order. The horizontal axis in the figure denotes the percen-
tage of all tested points for which the bitrate reduction is 
higher than the corresponding percentage on the vertical 
axes. As can be noted, bitrate reductions of up to 25% have 
been achieved. High reductions are related to sequences 
such as “Steam Locomotive” which contains large portions 
of dark and bright areas. In such areas, the HVS intensity 
masking is strong, enabling coarser quantization. Over all 
the test points an average reduction of 3.5% is obtained. For 
the measured reductions, it has been noted that their values 
decrease as the baseline QP increases. This trend is reason-
able as with high QPs the coefficients are more often quan-
tized to zero regardless of the additional intensity dependent 
quantization.  

Table 2 shows the BD-rates for the comparison with the 



 

 
Figure 3: Bitrate reductions for IDSQ with respect to HM-7.0 assuming the same level of perceptual quality. 

 
codec which uses the dQP tool. According to JCT-VC 
common test conditions, some video classes are not eva-
luated for certain configurations. An average 3.4% of bitrate 
can be saved by using the proposed decoder-side estimation. 
This bitrate saving is achieved by allowing QP variation on 
smaller blocks (including 4×4) when IDSQ is used and by 
saving the bitrate for QP variation signaling (required by 
dQP). Finally, no difference in the encoder and decoder 
running times has been observed between all tested solu-
tions. 
 

5. CONCLUSIONS AND FUTURE WORK 
 
The intensity dependant spatial quantization tool (IDSQ) is 
proposed and tested in the HEVC codec. The tool has low 
computational complexity and allows further reduction of 
the coding bitrate and to adapt the perceptual quantization to 
the video characteristics. It has been shown that in the chal-
lenging HEVC environment bitrate savings of up to 25% 
can be achieved. Extensions from the presented IDSQ tool 
may involve the combination of the intensity masking with 
other HVS masking characteristics such as the contrast and 
the temporal activity. Moreover, more complex and com-
plete models for the HVS perception should be considered 
and integrated in HEVC based video codecs. 
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