
  

Abstract—In mobile applications, the amount of memory and 

bandwidth is restricted. Efficient compression of video is 

essential to provide better quality streaming on a mobile device. 

High efficiency video coding (HEVC) standard provide 

substantial bitrate savings compared with the previous 

standards. The compression efficiency of HEVC has been 

improved by integration of a perceptual video quality metric 

inside the encoder. In the rate distortion optimization process, 

PSNR-HVS has been used to measure distortion for the coding 

unit mode selection. In this paper, we find the optimal Lagrange 

multiplier based on the quantization parameter. Experimental 

results for various test sequences show the compression efficiency 

of the perceptual HEVC will be improved by finding the optimal 

Lagrange multiplier.  

 
Index Terms— Perceptual video coding, rate distortion 

optimization (RDO), Optimal Lagrange multiplier, human visual 

system (HVS), PSNR-HVS, high efficiency video coding (HEVC)  

 

I. INTRODUCTION 

In video coding, the bitrate is minimized for a certain fixed 

distortion, or the distortion is minimized for a certain fixed 

rate. The minimization is formulated via a non-negative 

Lagrange multiplier in the rate distortion optimization (RDO) 

process [1]. In HEVC, a picture is partitioned into coding tree 

blocks (CTB) [2]. The encoder selects the size of the CTB 

based on the memory and delay constraints. CTBs are further 

partitioned into multiple coding blocks (CB) to form a 

quadtree structure. The minimum size of the CB is 8*8 and its 

maximum size is equal to the size of the CTB.  The luma CB 

and the chroma CB, together with the associated syntax, form 

a coding unit (CU). In H.264, CUs were not present. Instead, a 

picture was partitioned into macroblocks (MB) with the fix 

size of 16*16.  

There are spatial and temporal dependencies between 

blocks. However, these dependencies are ignored for practical 

applicability in the hybrid block-based video coding 

algorithms [3]. Alternatively, frame level distortion can be 

minimized instead of performing R-D cost optimization. 

However, computation complexity of minimizing the 
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distortion over the entire frame becomes drastically high 

which makes it not practical due to the amount of complexity 

and delay. 

In HEVC, rate distortion optimization is done for each 

coding unit (CU) in four stages [4]: 1- coding unit mode 

(intra/inter) selection 2- intra prediction 3- motion estimation 

4- quantization. In the rate distortion optimization process, 

distortion is measured by sum of square error (SSE), sum of 

absolute differences (SAD), or sum of absolute transform 

differences (SATD) in each of these four stages. Integration of 

a perceptual video quality metric in the rate distortion 

optimization process improves the compression efficiency of 

the encoder.  

In the H.264 standard, the SSIM metric has been used in 

inter frame prediction and mode selection [5]-[9]. Also, SSIM 

has been integrated into the rate control of H.264 for intra 

frame coding [10]. In [11]-[14], a perceptual mode selection 

scheme based on SSIM is integrated into the rate distortion 

optimization of H.264. In a more recent study, SSIM has been 

used in the rate distortion optimization of the HEVC 

standard [15]. 

In the process of selecting coding unit (CU) mode 

(inter/intra), PSNR-HVS is integrated in the rate distortion 

optimization process [16]. PSNR-HVS is a perceptual quality 

metric that is based on the characteristics of human visual 

system (HVS) [17]. PSNR-HVS compared to PSNR, shows 

higher correlation with the subjective video quality 

evaluations.  

In the rate distortion optimization process, the Lagrange 

multiplier acts as a knob that controls the trade-off be-tween 

rate and distortion. Finding the optimal Lagrange multiplier in 

the rate distortion optimization process is crucial for obtaining 

maximum compression efficiency. In our previous work [16], 

we have used a linear scaling relationship between the 

modified and the reference La-grange multipliers in HEVC. 

The compression efficiency of HEVC was improved by 

integrating a perceptual quality metric inside the rate 

distortion optimization process. However, optimal Lagrange 

multiplier should be deter-mined for the proposed approach. In 

this paper, we derive the optimal Lagrange multiplier for the 

perceptually modified HEVC. 

The rest of the paper is organized as follows: Section 2 

explains the proposed approach as well as the optimal 
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Lagrange multiplier. Section 3 includes the experimental 

results along with the optimal Lagrange multiplier 

formulation. Finally, section 5 concludes the paper and 

discusses the future directions of our work. 

II. THE PROPOSED APPROACH 

For coding unit mode decision, distortion is measured by 

Sum of Square Error (SSE) in the rate distortion optimization 

process: 

 ���� = ���� + �	
�����                                                (1) 

where D is the distortion, R is the required bitrate and M 

represents the mode for inter or intra coding. �	
��  is defined 

as [18]: 

 �	
�� = 	� × �� × 2��������/�.�                                           (2) 

 

where �� is the quantization parameter and � is defined as: 

 

� = �1.0 − #$%&3�0,0.5,0.05 × *+,-./_12_3_2/4,.5�																																												21/	/.2./.*6.7	&%68+/.51.0																												21/	*1*_/.2./.*6.7	&%68+/.5  

#$%&3�9, :, ;� = < 9; ; < 9:; ; > :;; 18ℎ./�%5.                                             (3) 
 

Coding unit mode decision is accompanied by intra 

prediction and inter-prediction of PU units. Motion estimation 

for each inter PU partition is broken into two parts: integer-

sample precision and sub-sample precision. For integer-

sample precision, distortion term is calculated by Sum of 

Absolute Differences (SAD) between original PU block and 

its motion compensated reconstructed block. For sub-sample 

precision, distortion is measured by Hadamard Transform to 

the block difference between reference and reconstructed 

block. 

For intra PU prediction, minimization process is performed 

in parts. In the first part, minimizing the prediction cost 

function over 33 angular prediction directions, planar and DC 

mode gives a fixed number of candidate for intra prediction 

modes. In this part, distortion is measured by the Hadamard 

transform of the difference block. In the second part, the 

candidates list is augmented by three most probable modes. 

The best candidate is determined in the rate distortion 

optimization process. 

At the last stage of the rate distortion optimization, the 

transform coefficient levels in the quantization process are 

adjusted. Distortion term is determined in transform domain. 

Finally, the Coding Unit mode decision is obtained recursively 

for the Coding Tree Unit (CTU). 

Measuring the distortion by SSE and minimizing it in the 

rate distortion optimization process, leads to better PSNR in 

the coded video. However, the PSNR has been shown to have 

limited correlation with subjective tests. Various other video 

quality metrics have been developed to better represent how 

subjects evaluate the video quality. 

PSNR-HVS [17] is a full reference video quality metric 

which takes into account the characteristics of the human 

visual system. One of the characteristics of the HVS is that its 

sensitivity decreases at high spatial frequencies. PSNR-HVS is 

defined as: �AB − CDA = 10 log H �IIJKLMNOPQ                                      (4) 
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where K=1/[(I-7)(J-7)64]. I, J are the image width and height. Xef is the DCT coefficient of an 8 × 8 image block with its 

upper left corner at �i, j�. Xefj  is the DCT coefficient of the 

corresponding block in the original image. Tl is a matrix 

adopted from the JPEG quantization table proposed in the 

JPEG [19]. 

Distortion measurements with a video quality metric 

changes this trade-off based on the range of output values. 

New optimal value of � needs to be determined to have the 

best quality of video while minimizing the required bitrate. In 

our previous work [16], a constant scaling factor is used to 

denote the relationship between the new � and the � used in 

HEVC. However, the Lagrange multiplier should be optimized 

based on the quantization parameter (QP). In this paper, we 

find the optimal Lagrange multiplier in the rate distortion 

optimization process based on: �
mnZ	op�QP� = 6���� × �	
������                               (5)                     

In order to find the optimal Lagrange multiplier, contours of 

equal distortion are plotted in the plain of the two axes of the 

quantization parameter (QP) and coefficient c. On each 

contour, the point that leads to the least amount of bitrate is 

determined. By connecting these points and fitting a curve to 

them, the relationship between the optimal Lagrange 

multiplier and the quantization parameter is derived. 

III. EXPERIMENTAL RESULTS 

For the test video sequences, we used MPEG standard 

videos as summarized in Table 1. These videos belong to the 

class of the mobile applications. All test video sequences are 

in the YCbCr 4:2:0 format. The length of each sequence is 10 

seconds. 

 
TABLE 1 

TEST VIDEO SEQUENCES 
 

Sequences Resolution Frame Rate Total Frames 

BQ Square 416× 240 60 600 

BlowingBubbles 416 × 240 50 500 

RaceHorses 416 × 240 30 300 

PartyScene 832x480 50 500 

BQMall 832x480 60 600 

BasketballDrill 832x480 50 500 

 

Contours of equal distortion are drawn for the BQSquare 

video sequence in Fig. 1. On each contour, the point 



associated with the least amount of bitrate is selected. These 

points lead to the minimum amount of bitrate resulting in the 

same amount of distortion. Fig. 2 shows the optimal 

coefficients based on the quantization parameter. These points 

are the extremum values in Fig. 1. By curve fitting, we can 

find the relationship between the optimal coefficient and the 

quantization parameter as: 

 6���� = 2.24.�.�I×�� 		                                                         (6) 

 

By replacing 6���� from eq. 6 in eq.5, �
mnZ	op can be 

found as: 		�
mnZ	op = 	� × �� × 2���.�����\.I��/�.�                                (7)              

Using �
mnZ	op  in the rate distortion optimization process 

with the perceptual distortion measurement for the coding unit 

mode selection improves the compression efficiency of the 

high efficiency video encoder. 
 

 

Fig. 1 Equal quality contours for the BQSquare video sequence. On each 

contour, the point associated with the least amount of bitrate is selected. These 

points lead to the minimum amount of bitrate resulting in the same amount of 
distortion 

 

 
Fig. 2 Optimal coefficient based on the quantization parameter 

 

Fig. 3 shows the Rate Distortion performance for video 

sequence BQSquare. The quality of the video is measured 

with Mean PSNR-HVS. PSNR-HVS has more correlation 

with subjective tests than PSNR [17]. Fig. 3 shows that our 

proposed method achieves higher quality at the same bitrate 

compared to HEVC reference software over the full range of 

Quantization Parameter (QP) values. 
 

 

Fig. 3 Rate-Distortion Curves for BQSquare video. The quality is measured 
with Mean PSNR-HVS 

 

The average bitrate difference between the proposed and 

reference rate-distortion curves is referred to Bjontegaard’s 

Delta (BD) Rate [20]. A cubic polynomial approximation is 

derived using four data points (quality and bitrate points). The 

difference between the two curves is integrated in the 

horizontal direction for BD Rate. BD Rate measures the 

average bitrate savings by the proposed approach compared to 

the HEVC reference software. Bitrate savings of the proposed 

approach is summarized in Table 2.  
 

TABLE 2 
BITRATE SAVING OF THE PROPOSED APPROACH COMPARED TO THE REFERENCE 

HEVC SOFTWARE 

 

Sequences ∆vwxy 
BQ Square -21.6% 

BlowingBubbles -10.1% 

RaceHorses -5.7% 

PartyScene -9.0% 

BQMall -6.5% 

BasketballDrill -3.8% 

Average -9.5% 

 

5. CONCLUSION 

 

In this paper, we found the optimal Lagrange multiplier 

based on the quantization parameter for the perceptually 

improved high efficiency video coding. In the perceptual 

HEVC, a video quality metric was integrated inside the rate 

distortion optimization procedure of the video coding. PSNR-

HVS is a full reference quality metric based on the 

characteristics of the human visual system. PSNR-HVS was 

used as distortion measurement in the coding unit mode 

selection stage. The optimal Lagrange multiplier was derived 

based on the quantization parameter. The results show that our 

proposed scheme requires on average 9.5% less bitrate with 
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the same perceived video quality compared to HEVC. In our 

future work, we will investigate the employment of the 

proposed approach in 3D-HEVC. 
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