
Bit Allocation based on Visual Saliency in HEVC 

ChungWen Ku1, Guoqing Xiang#2, Feng Qi2, Wei Yan*1, Yuan Li2, Xiaodong Xie2  
1School of Software and Microelectronics in Peking University, Beijing 100871, China 

2EECS of Peking University, Beijing 100871, China 

Email:{cwku, gqxiang, yuanli, donxie}@pku.edu.cn; feng.qi@vipl.ict.ac.cn; yanwei@ss.pku.edu.cn 

Abstract—As one of the important part in the HEVC 
reference software, R-lambda model adopts mean 
absolute difference (MAD) for the coding unit tree (CTU) 
level bit allocation. However, this optimum method may 
neglect some important characteristics of human visual 
system (HVS). In this paper, we propose a novel bit 
allocation algorithm to process some salient visual 
information priority. Firstly, an improved video saliency 
detection algorithm is proposed, which induces temporal 
correlation into a 2D visual attention model. Secondly, the 
visual saliency based CTU level bit allocation algorithm is 
presented by allocating bits for CTUs with their saliency 
weights. What’s more, with considerations of the temporal 
quality consistence among Saliency Areas (SAs), a window 
based weight smoothing model is proposed to achieve 
better subjective quality. Finally, several experiments are 
performed on the HEVC reference software, HM16.9, 
under the low delay P configuration, and the experimental 
results show that the average BD-Rate of the entire test 
sequences and of the SAs reduce 1.7% and 6.2%, 
respectively. The proposed algorithm can also improve 
subjective quality remarkably. 
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I. INTRODUCTION  

In HEVC [1] implementations, rate control (RC) plays an 
important role in bandwidth limited video coding, which 
consists of two parts, namely, the bit allocation and bitrate 
control. At a given bit rate, the bit allocation is aimed to 
allocate different bits at different content coding levels 
including GOP level, frame level and coding unit tree (CTU) 
level. While the bitrate control procedure is optimized to 
obtain the optimal lambda and quantization parameter (QP) 
with the allocated bits at different content levels. Usually, a bit 
allocation algorithm will affect the latter process significantly 
and dominate the performance of rate control. 

The existing bit allocation method in R-lambda [1] scheme 
was characterized by the MAD based CTU level bit allocation 
as shown in Fig. 1, where MAD denotes the residual error 
between the original CTU and the prediction CTU. It can be 
seen that the MAD method was utilized for the CTU level bit 
allocation to decide a suitable weight for lambda and QP. To 
improve the performance of simple bit allocation method, 
temporal correlations between different frames were 
considered in [2]. The authors refined the bit allocation 
process by taking the CTU’s distortion propagation influence 
on the future frames. What’s more, to achieve an optimal bit 
allocation for CTUs, a rate-distortion estimation method was 
utilized to develop an optimization formulation by Li et al. [3] 
They obtained a closed-form solution by the recursive Taylor 
expansion formulation and achieved fairly good performance. 

Obviously, the above-mentioned bit allocation algorithms 
for HEVC are to achieved the minimum objective distortion 
in bit allocation and rate control. However, this local optimum 
methods may ignore the susceptive perception of subjective 
quality in SAs or Regions Of Interest (ROI). Considering the  

 

Fig. 1 The conventional rate control scheme 

fact that human eyes are the ultimate receivers mostly, 
different contents or areas within video frames provide variant 
visual stimuli and attract visual attention unequally. 

Therefore, the bit allocation process should take the visual 
attention mechanism of human eyes into consideration. 
Intuitively, more bits should be allocated to the SAs or ROIs, 
which will help to reduce perceptible distortion and achieve 
better subjective quality. Several researchers have proven the 
idea’s efficiency in their works as follows. By considering the 
weights of SAs and the corresponding MADs as the final 
mean weights of CTU to guide the bit allocation, and Bai et al. 
[4] demonstrated that the saliency map based bit allocation 
method was able to improve ROIs’ PSNR. Independent rate-
distortion model was established for ROIs, such as that by 
Zheng et al. [5], in which the machine learning approach was 
utilized to enhance the performance of ROIs. In [6], Wei et al. 
proposed a saliency weighted distortion modification model 
to reduce the compression distortion and re-allocated the bits 
for saliency CTUs, in which they have achieved significant 
performance gain in the SAs. Although the existing HVS 
guided CTU level bit allocation algorithms can achieve better 
performance in the selected areas, there still exist some 
problems. On one hand, the selected areas for HVS are chosen 
empirically or only for intra frames, which ignores the 
temporal SAs or ROIs in the inter frames. On the other hand, 
they all neglected the quality consistency among temporal 
SAs or ROI in the inter frames. 

Therefore, in this paper, we propose a novel saliency based 
bit allocation scheme. Our scheme is composed of two folds, 
namely, the improved visual saliency algorithm and the SA 
dependent bit allocation model. Firstly, the improved visual 
saliency algorithm is adopted to obtain a video’s saliency 
sequence, which consists of each frame’s saliency map. 
Secondly, the SA dependent bit allocation model calculates 
each CTU’s weight by considering its frame’s saliency map. 
According to different weights of CTUs, then, the CTUs’ 
allocated bits are achieved. In addition, to avoid the visual 
quality inconsistency of adjacent CTUs, a slide window is 
used to smooth the weights. Finally, we perform several 
experiments with PSNR metric on HM16.9 under the low 
delay P configuration, and their results show that the average 
BD-rate reductions of the whole sequences and of the SAs are 
1.7%, and 6.2%, respectively. In addition, according to the 
comparison of visual quality, subjective quality is improved 
significantly for SAs, which is consistent with SAs’ 
compression performance gain. 
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Fig. 2 Framework of the improved saliency algorithm. 

The rest of this paper is organized as follows. Section II 
describes the improved saliency algorithm. In Section III, the 
CTU level bit allocation scheme based on the saliency model 
is presented. Section IV shows the experimental results and 
the conclusion is given in Section V. 

II. THE IMPROVED VISUAL SALIENCY ALGORITHM 

The improved visual saliency algorithm is mainly 
composed of four parts: the low-level feature extraction, the 
inter-frame correlation feature extraction, the feature filter and 
the saliency fusion. The algorithm’s framework chart is shown 
in Fig. 2 and described as follows. 

A. Low-level feature extraction 

The low-level features consist of illumination, color and 
texture features, which are extracted from the current frame. 
(L*,a*,b*) color space proposed by the international 

commission on illumination is the most complete color model 
to describe all the visible colors of human eyes [7], and the 
image that represented in (L*,a*,b*) color space is closer to 

human visual perception. Therefore, instead of using 
conventional RGB color space, the current frame is  firstly 
converted to the {𝑓𝐿 ∗, 𝑓𝑎 ∗, 𝑓𝑏 ∗} color space: 

𝑓𝐿 ∗= 0.2126 × 𝑅 + 0.7152 × 𝐺 + 0.0722 × 𝐵                                        

𝑓𝑎 ∗= 1.4749 × (0.2213 × 𝑅 − 0.3390 × 𝐺 + 0.1177 × 𝐵) + 128. () 

𝑓𝑏 ∗= 0.6245 × (0.1949 × 𝑅 + 0.6057 × 𝐺 − 0.8006 × 𝐵) + 128         

It is widely acceptable that HVS is highly sensitive to 
image structures and textures, such as edges and boundaries, 
because these features convey most of the semantic 
information in an image and are crucial to the human 
perception [8]. In the previous studies, image gradients 
represent image structure and texture features efficiently [9]. 
The gradient magnitude {𝑓𝑡𝑒𝑥 } of the current frame 𝑓𝑐𝑢𝑟  is 
expressed as, 

𝑓𝑡𝑒𝑥 = √(𝑓𝑐𝑢𝑟 ∗ 𝐺𝑥)2 + (𝑓𝑐𝑢𝑟 ∗ 𝐺𝑦)
2

 ,            (2) 

where “*” is the linear convolution operator. 𝐺𝑥  and 𝐺𝑦  are 

the Prewitt operators applied along the horizontal direction x 
or vertical direction y, respectively. 

B. Inter-frame correlation feature extraction 

Generally, HVS is also sensitive to the moving objects in 
a video sequence. For instance, in the static background scene, 
some regions with motions will be more attractable. Thus, the 
inter-frames’ saliency map should be taken into account. In 
this study, the motion feature is extracted from the continuous 
images. In [10], a 3D saliency detection model is presented 
with an optical flow estimation-based algorithm [11] to 
generate the inter-frame disparity map. Similarly, in this study, 
the inter-frames’ saliency map is also obtained between the 
current frame and the next frame with the optical flow 
estimation-based algorithm as optimized by, 

𝑓𝑖𝑛𝑡𝑒𝑟(𝑢, 𝑣) =  ∑ {𝜌𝐷 (𝑓𝑐𝑢𝑟(𝑖, 𝑗) − 𝑓𝑛𝑒𝑥𝑡(𝑖 + 𝑢𝑖,𝑗, 𝑗 +𝑖,𝑗

𝑣𝑖,𝑗)) + 𝜆[𝜌𝑆(𝑢𝑖,𝑗 − 𝑢𝑖+1,𝑗) + 𝜌𝑆(𝑢𝑖,𝑗 − 𝑢𝑖,𝑗+1) +

𝜌𝑆(𝑣𝑖,𝑗 − 𝑣𝑖+1,𝑗) + 𝜌𝑆(𝑣𝑖,𝑗 − 𝑣𝑖,𝑗+1)]},               (3) 

where u and v are the horizontal and vertical components of 
the optical flow field to be estimated from current 𝑓𝑐𝑢𝑟  and 
next frame 𝑓𝑛𝑒𝑥𝑡 , respectively. i and j denote the pixel 
positions. λ is a regularization parameter. 𝜌𝐷  and 𝜌𝑆  are the 
data and spatial penalty functions, respectively. 

C. Feature filter 

As suggested by Zhang et al. [12], the behavior of HVS 
detecting salient objects in a visual scene can be well modeled 
by band-pass filtering. The log-Gabor filter [10] is adopted to 
model the band-pass filter for these obtained features above 
and can generate three different levels of saliency maps as 
follows, 

𝑆𝑐𝑜𝑙𝑜𝑟 = ((𝑓𝐿 ∗ 𝑔)2 + (𝑓𝑎 ∗ 𝑔)2 + (𝑓𝑏 ∗ 𝑔)2)1/2          

𝑆𝑡𝑒𝑥 = 𝑓𝑡𝑒𝑥 ∗ 𝑔                                                          (4) 

𝑆𝑖𝑛𝑡𝑒𝑟 = 𝑓𝑖𝑛𝑡𝑒𝑟 ∗ 𝑔,                                                         

where 𝑔 is the log-Gabor filter transfer function which in the 
frequency domain with 𝜔0 = 0.0008 and 𝜎𝐹 = 2. The 𝑆𝑐𝑜𝑙𝑜𝑟 
map denotes the basic sensitivity of the current frame’s color 
to the HVS, the 𝑆𝑡𝑒𝑥 map reflects the spatial characteristics of 
the current frame, while the last 𝑆𝑖𝑛𝑡𝑒𝑟 map is the contribution 
of the temporal features to the final visual saliency map. 

D. Saliency fusion 

It is well known that a number of parallel channels in HVS 
process different visual features [13]. The different visual 
features interact and contribute simultaneously to the saliency 
of visual scenes. Based on the existing studies [14], a linear 
pooling strategy is still a simple and efficient method in 
saliency fusion. Thus, the final saliency map is formalized as, 

𝑆𝑓𝑖𝑛𝑎𝑙 = 𝑆𝑐𝑜𝑙𝑜𝑟 ∙ 𝜔𝑐𝑜𝑙𝑜𝑟 + 𝑆𝑡𝑒𝑥 ∙ 𝜔𝑡𝑒𝑥 + 𝑆𝑖𝑛𝑡𝑒𝑟 ∙ 𝜔𝑖𝑛𝑡𝑒𝑟 ,(5) 

where the {𝜔𝑐𝑜𝑙𝑜𝑟, 𝜔𝑡𝑒𝑥, 𝜔𝑖𝑛𝑡𝑒𝑟:0.2974, 0.3276, 0.3751,} are 
the normalized weights of saliency maps {𝑆𝑐𝑜𝑙𝑜𝑟 , 𝑆𝑡𝑒𝑥, 𝑆𝑖𝑛𝑡𝑒𝑟}, 
respectively, which are decided empirically. Therefore, for a 
video, the improved i-th frame’s visual saliency map is 
achieved with 2D saliency maps and the temporal inter 
correlation. 

III. THE PROPOSED BIT ALLOCATION ALGORITHM 

In this section, a novel perceptual saliency based bit 
allocation algorithm is proposed, which consists of the  
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Fig. 3. The proposed bit allocation scheme. 

saliency weight guided CTU level bit allocation method and 
the window-based weight adjustment process. The presented 
CTU level bit allocation process is shown as Fig.3. 

A. CTU level bit allocation 

As shown in [1], the CTU level bit allocation is 
implemented when the current frame level target bits 𝑇𝑐𝑢𝑟𝑃𝑖𝑐  
and the coded bits 𝐶𝑜𝑑𝑒𝑑𝑃𝑖𝑐  are obtained. Instead of the 
traditional MAD based CTU level bit allocation method, in 
this work, with the saliency weights of each CTU, the 
subjective CTU level bits 𝑇𝑐𝑡𝑢

∗  can be obtained as follows,  

𝑇𝐶𝑇𝑈
∗ =

𝑇𝑐𝑢𝑟𝑃𝑖𝑐 − 𝐶𝑜𝑑𝑒𝑑𝑃𝑖𝑐

∑ 𝑆𝑤𝐶𝑇𝑈𝑁𝑜𝑡𝐶𝑜𝑑𝑒𝑑

× 𝑆𝑤𝐶𝑇𝑈 

𝑆𝑤𝐶𝑇𝑈 =
1

𝑁𝐶𝑇𝑈
∑ 𝑆𝑖,𝑗(𝑖,𝑗)∈𝐶𝑇𝑈  ,                         (6) 

where 𝑆𝑖,𝑗  denotes the pixel’s value of  saliency map 𝑆𝑓𝑖𝑛𝑎𝑙 

with index (i, j), 𝑆𝑤𝐶𝑇𝑈 is the saliency weight for each of CTU. 
It can be seen that more bits will be allocated to the saliency 
CTUs with larger saliency weights, which will help to 
improve the compression quality of these subjectively 
important areas. 

B. Weight adjustment with saliency dependency model  

For human eyes, although the good video coding’s quality 
for each CTU is necessary, the quality consistency of same 
objects including their faded boundaries among several 
adjacent frames, which should be emphasized, especially for 
the subjective quality with the HVS consideration. For 
example, as shown in Fig. 4 (a) and (b), there are some CTUs 
marked as SAs in the current and next frames of sequence 
BasketballPass, respectively. It can be observed that one 
additional CTU is marked as the saliency area in Fig .4 (b). 
The extra saliency CTU will be perceived by human eyes 
along with the other co-located CTUs, which means the 
subjective quality variance of these CTUs will be more easily 
perceived. Thus in order to achieve better subjective 
compression quality, the saliency weight of current CTU 
should be adjusted by its co-located CTUs’ saliency weights. 

To reduce the subjective quality variance among these co-
located saliency CTUs, a window-based weight smoothing 
model is established with the saliency dependency 
consideration. In Fig.5 (a), the yellow CTUs are the SAs of  

         

          (a) current frame                       (b) next frame 

Fig. 4. The saliency area of the current and next frame.  

                

(a) current frame(k)     (b) k+1 frame          (c) k+2 frame. 

Fig. 5. The window based smooth weight procedure.  

the current frame, which remain unchanged in the next two 
frames. While for the gray areas in the current frame, they 
become SAs of the following frames as dotted with the red 
line in Fig.5 (b) and Fig.5 (c). To obtain the more smoothed 
quality of these gray areas, their saliency weights should be 

adjusted by the weights of their co-located CTUs in the 
following frames. Define the window size as M, for the CTU 
in the current k frame, its final saliency weight is decided by 
the saliency weights along with the window as,  

𝑆𝑤̅̅ ̅̅
𝐶𝑇𝑈 =

∑ 𝑆𝑤𝑐𝑢𝑟(𝑚)∙𝑓𝑚
𝑘+𝑀−1
𝑚=𝑘

∑ 𝑓𝑚
𝑘+𝑀−1
𝑚=𝑘

,                        (7) 

where k is the index of the current frame and m is the future 

frame’s index. 𝑓 is the distance weight of the future frames 
from the current frame, which is descent with the distance. 
In this paper, the window size M is set as 4 and the 𝑓 is set 
as 1, 0.75, 0.5 and 0.25 for each frame empirically, 

respectively. Therefore, the saliency weight 𝑆𝑤̅̅ ̅̅
𝐶𝑇𝑈  of 

current CTU is adjusted and utilized instead of 𝑆𝑤𝐶𝑇𝑈 for 
its bit allocation process, which can be benefited more for 
the subjective quality of SAs. 

IV. EXPERIMENTAL RESULTS 

To evaluate the proposed bit allocation scheme, several 
experiments are performed  on the HEVC reference software, 
HM16.9, under the low delay P configuration. The target bits 
are set as {60000, 30000, 15000, 8000} kbps for Class A and 
{2000, 1000, 512, 256} kbps for Class B to Class E, 
respectively. Based on the same BD-Rate evaluation method, 
Bai et al.’s scheme [4] and the proposed scheme are compared, 
while the MAD based bit allocation scheme in HM 16.9 [1] is 
used as the anchor without any modifications. The 
performance is measured by the BD-Rate of SAs and the 
whole sequences with PSNR metric, which are listed in the 
Table I. Bai et al.’s [4] scheme improves the performance in 
SAs and the average BD-Rate reductions of the SAs is 3.0%. 
As to the our method, the average BD-Rate reductions of the 
SAs is 6.2%. Detailed performance comparison is shown in 
Fig. 6 with the sequences ParkScene and BQTerrace as 
examples. Thus it proves the effectiveness of the proposed 
saliency based bit allocation algorithm. In addition, the 
proposed algorithm achieves 1.7% bitrate reductions for the 
entire sequences on average, which outperforms Bai et al.’s 
scheme [4]. The results demonstrate that not only the 
compression performance of these SAs is improved 
significantly, but also the whole sequences can be benefited. 
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Furthermore, the bit rate error is calculated as the equation 
(8) and recorded in Table II, where the 𝑅𝑡𝑎𝑟𝑔𝑒𝑡  and 𝑅𝑎𝑐𝑡𝑢𝑎𝑙  

denote the target bits and actual bits, respectively. Apparently, 
the average bit error of the proposed method is close to the 
anchor and can be neglected. 

𝑅𝑒𝑟𝑟𝑜𝑟 =
|𝑅𝑡𝑎𝑟𝑔𝑒𝑡−𝑅𝑎𝑐𝑡𝑢𝑎𝑙|

𝑅𝑡𝑎𝑟𝑔𝑒𝑡
× 100%              (8) 

TABLE I. BD-RATE COMPARISON FOR SEQUENCES AND SAS 

 Bai [4] Proposed 

Resolution Sequence 
BD-

Rate 
BD-

Rate(SA) 
BD-

Rate 
BD-

Rate(SA) 

Class A 
PeopleOnStreet  0.5% -0.7%  1.0% -1.2% 

Traffic -1.5% -0.8% -2.8% -1.2% 

Class B 

ParkScene -1.6% -4.1% -2.5% -6.6% 

Cactus -3.1% -5.1%  0.8% -3.4% 

BasketballDrive -3.5% -6.1% -6.0% -9.1% 

BQTerrace -2.3% -7.9% -0.9% -10.3% 

Class C 

BQMall -1.9% -3.6% -2.3% -4.1% 

PartyScene -3.6% -5.3% -6.5% -9.8% 

RaceHorses -0.7% -2.2% -1.3% -5.7% 

BasketballDrill -0.1% -1.1% -0.8% -6.3% 

Class D 

BQSquare  0.1% -1.0% 0.2% -1.7% 

BlowingBubbles -2.9% -5.0% -3.2% -7.3% 

RaceHorses 0.2% -1.3%  0.0% -2.3% 

BasketballPass -0.1% -1.1% -0.9% -4.0% 

Class E 
KristenAndSara 0.1% -1.7% -0.4% -8.4% 

Johnny  0.0% -0.8% -1.1% -17.0% 

All -1.3% -3.0% -1.7% -6.2% 

TABLE II. BIT RATE ERROR COMPARISON 

Sequence HM16.9 Bai [4] Proposed 

Class A 0.003% 0.007% 0.005% 

Class B 0.007% 0.019% 0.008% 

Class C 0.005% 0.009% 0.006% 

Class D 0.006% 0.006% 0.009% 

Class E 0.016% 0.041% 0.026% 

Average 0.007% 0.016% 0.011% 

 

    

(a) PartyScene                       (b) BQTerrace 

Fig.6 Performance comparison for different schemes. 

      
(a) HM16.9 (256(kbps), 30.25dB) (b) Proposed (256(kbps), 30.73dB) 

Fig7. Subjective quality comparison of BasketballPass 
between HM16.9 and proposed bit allocation scheme. 

Finally, in order to show the subjective quality of the 
presented algorithm directly, the compression results of the 
sequence BasketballPass is show in Fig. 7. Apparently, 
compared with the anchor, for the whole sequence and the 
selected segment, our method achieves better visual quality, 
which is consistent with the better subjective video coding 
performance improvement for SAs, similar performance gains 
can also be obtained in other sequences. 

V. CONCLUSION 

In this paper, a novel CTU level bit allocation scheme 
based on saliency is proposed to enhance the quality of SA. 
Firstly, an improved video saliency detection algorithm is 
proposed, which induces temporal correlation into a 2D visual 
attention model. Secondly, the visual saliency based CTU 
level bit allocation algorithm is presented by allocating bits for 
CTUs with their saliency weights. Finally, to keep the 
temporal quality consistence among Saliency Areas (SAs), a 
window based weight smoothing model is proposed. The 
experiment results show that the average BD-Rate gains of the 
whole test sequences and SAs are -1.7%, and -6.2%, 
respectively with PSNR metric. The subjective quality 
comparison demonstrates the visual quality improvement of 
our method, which proves SAs’ performance gain. 
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