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Abstract—Rate-Distortion (R-D) optimization technique plays 
an important role in video coding. R-D sense discarding 
(thresholding) technique can make great improvement on the 
coding efficiency. This work first proposes a multi-level 
coefficient discarding scheme, which is composed of coefficient-
level (CL), block-level and macroblock-level discarding. In CL, 
coefficient-level R-D cost function is formulated and then CL 
discarding scheme is developed. At last, an effective 
implementation method is proposed to reduce the complexity of 
the proposed scheme. The experimental results show that our 
proposed multi-level discarding scheme can improve the coding 
performance of video encoder by 0.15db in average.  

Keywords—R-D optimization; multi-level coefficient 
discarding; cost function 

I.  INTRODUCTION 
Within the last decade, the use of data compression has 

become ubiquitous and various international standards are 
drafted to promote the development and application of video 
coding technique [1].  

Popular standards, like H.264 and AVS, are DCT-based 
(discrete cosine transform) and adopt block-based hybrid 
coding framework. R-D optimization technique plays an 
important role in the hybrid coding framework. Discarding the 
less significant DCT coefficients may be desirable in the R-D 
sense because it may lead to a significant reduction in coding 
bitrate at a marginal sacrifice of coding quality. Kannan 
Ramchandran and Martin Vetterli first propose an R-D optimal 
way to drop the DCT coefficients of JPEG and MPEG 
compression standards [2]. However, the entropy coding 
scheme in H.264 or AVS is quite complex and performing R-D 
optimized thresholding in [2] for H.264 and AVS is difficult 
[3]. In H.264 reference model, the R-D optimized thresholding 
is simplified to the following problem: whether to discard or to 
keep the coefficients in an 8×8 block consisting of four 
transform blocks. We call this simplified case block-level 
coefficient discarding (BLD) problem. This paper conducts 
further research and proposes a low-complexity multi-level 
coefficient discarding (MLD) scheme. 

The rest of this paper is organized as follows. Section II 
reviews BLD technique in H.264 and AVS, and then proposes 
a MLD scheme. To achieve MLD, section III formulates the 
single coefficient R-D cost function and presents the proposed 
coefficient-level discarding (CLD) scheme. Section IV shows 
the experimental results and section V concludes this paper. 

II. PROPOSED MULTI-LEVEL COEFFICIENT DISCARDING 
SCHEME 

A. BLD review 
In H.264, the entire transform coefficients of one 8×8 

block will be discarded if their total cost (COSTBL) is below 
TBLD, which is set to 4 in JM reference model. On considering 
the 4×4 transform size of H.264, the BLD is described by (1) 
in the following [3]. 
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where i is the transform block index in raster scan order and j is 
the transform coefficient index in zigzag scan order of one 
4×4 block. cost(i, j) is a cost function defined in the following, 
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where ˆ( , )c i j  is the quantized transform coefficient. 

AVS has the similar BLD technique and provides an 
alternative cost function except for (2), as shown in (3). 
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Therefore, for AVS if we choose (3) as the cost function, 
one 8×8 block will be discarded when the number of 1±  is 
equal or less than 4 (assuming TBLD=4). 

B. Proposed  multi-level discarding scheme  
In this paper, we propose an MLD which performs different 

levels of discarding and as shown in Fig. 1, MLD module is 
placed between Quantization (Q) and point A in the encoder 
part. The proposed MLD scheme is described in the following: 

• In the coefficient level (CL), each quantized coefficient 
in a block will be judged according to the CL R-D cost 
function. Once the discarding function is satisfied, the 
quantized coefficient will be discarded directly. The 
CLD scheme will be detailedly described in Section III.   
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• In the block level (BL), after the processing of CLD 
scheme, each quantized coefficient block will be 
judged as a whole. If the total cost (COSTBL) is less 
than TBLD, then the whole block will be discarded 
directly. 

• In the macro-block level (MBL), after the processing 
of CLD and BLD, each macro-block will be judged as 
a whole. If the total cost (COSTMBL) is less than TMBLD, 
then the quantized coefficients of the whole macro-
block will be discarded directly. 

 

Fig. 1. Proposed multi-level discarding scheme 

BLD and MBL discarding (MBLD) schemes can be easily 
implemented, as long as we set cost thresholds (TBLD and TMBLD) 
for them, respectively. Actually, some schemes about BLD and 
MBLD have been integrated into the R-D optimization process 
of the H.264 and AVS test model. However, to the best of our 
knowledge, there is no proposed low-complexity CLD scheme 
in the literature. In this work, we propose a low-complexity 
CLD scheme based on the coefficient-level R-D cost function. 

III. PROPOSED CLD SCHEME 

A. Coefficient-level R-D cost function 
In work [4], the authors propose a novel statistical model of 

R-D estimation for H.264/AVC coders and use it to accelerate 
mode decision process. The R-D estimation in the above work 
is block-level based and we will formulate the coefficient-level 
R-D cost function based on some conclusions of [4]. 

In this work, we assume each coefficient of the quantized 
DCT coefficient is independent and can be processed singly no 
matter what entropy coding method is used. 

The probability density function (PDF) of a single DCT 
coefficient uvC  is modeled with the generalized Gaussian 
function (GGF) which includes the Gaussian and the Laplacian 
PDF as special cases [5], as shown in Fig. 2.  

 
Fig. 2. Generalized Gaussian function 

The GGF is described as follows: 
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where ( )•Γ   is the gamma function, uvη  and uvσ  are positive 
real-valued distribution parameters which control the shape and 
scale of the GGD, respectively. 

Corresponding to uvC , the quantized value is ûvC . 
According to the design rules of optimal entropy coders, the 
entropy coding bits of a quantized coefficient ûvC  with 
occurrence probability ĈuvP  is directly dependent on the self-
information [4]. This work directly uses self-information as the 
coding bits uvr  corresponding to ûvC . According to the 
definition of self-information, we can get  

ˆ
2

log ( )uv uvCr P= −                                   (6) 

Frankly speaking, the solution of (6) is hard to yield, 
however, we can first find out the solution “form” (not the 
exact solution) to (6) and then use the least squares technique 
to make roughly estimation of uvr . 

According to (6), the key is to find out ĈuvP  to formulate 
uvr . In the recent standards, like H.264 and AVS, uniform 

scalar quantization method is used. Supposing the quantization 
step size is stepQ , the relationship between uvC  and ûvC  can be 
roughly described as (7).   

     ˆ /uv uv stepC C Q=                       (7) 

Then, we can get (8). Here, we use the reconstructed value 
to approximate the transform coefficient before quantization.  

                    ˆuv uv stepC C Q≈ i                     (8) 

Based on the theory of probability, we will have 
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Combining (4), (6) and (9), the following (10) can be 
developed. We should point out that ĈuvP is no longer a strictly 
continuous function (discrete function in fact) in quantization 
process of video coding. Besides, in actual coding standards, 
both transform coefficients and quantized coefficients are 
discrete values. Many transform coefficients are mapped to one 
quantized coefficient point after quantization. Therefore, we 
can treat each point in ĈuvP as integration of an interval in 
CuvP and thus the point in ĈuvP can be treated as the probability 

of a quantized coefficient ûvC . 
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For convenience, we introduce (11) and (12). 
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with / ln2a n=  and 
2

logb m= − . 

For distortion part, as work [4] tells that for a quantized 
coefficient ûvC , the distortion uvd  can be calculated in the 
transform domain after quantization, as shown in (14).   

    ( )
2

__ / 2uv
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where offset is quantization rounding offset and low_qbitsuv is 
the discarded low q bits in quantization process [4]. We use 
(14) as distortion for a quantized coefficient uvC  because uvd  
can be calculated directly after quantization process. 

Besides, for simplicity, all the quantized coefficients use 
the same Lagrange multiplier λ  and then the R-D cost 
function for one quantized coefficient uvC  can be formulated as  
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In the following, we will present the proposed CLD scheme 
based on (15). 

B. Proposed CLD scheme 

uvd

uvr

0d

0r
 

Fig. 3. Proposed CLD framework 

We propose a CLD scheme and the discarding framework 
is shown as Fig. 3.  

Take an 8×8 block for example, after quantization, we 
calculate two distortions ( uvd  and 0d ) and two bitrates ( uvr  
and 0r ) for each quantized coefficient. 0d  and 0r  denote the 

distortion and rate introduced by uvC  when quantizing it to 0. 
In fact, 0r  is very small (b in (15)) and can be treated as zero. 
Therefore, for each DCT coefficient uvC , we have two choices, 
quantizing it to ûvC  or quantizing it to 0 (discarding). In this 
paper, we make the decision in an R-D optimized manner and 
select (16) as our decision function.  

0 0
0

uv uv
uv
j j d r d rλ λ> ⇒ + > +                  (16) 

When (16) satisfies, we will discard the quantized 
coefficient ûvC .  

uvj

0j
0j

 
Fig. 4. R-D optimized CLD Schematic 

From Fig. 4 we can see that when the R-D cost 0j  of a 
single coefficient uvC  falls in the discarding area, the quantized 
coefficient ûvC  could be discarded. However, if 0j falls in the 
forbidden discarding area, we should not discard the 
corresponding coefficient. It is clear that by discarding the 
quantized coefficient when it falls in the discarding area of Fig. 
4, the coding performance will be improved: a significant 
reduction in coding bitrate at a marginal sacrifice of coding 
quality. 

C. Low-complexity implementation of proposed CLD scheme 
The key issue of implementing our proposed CLD scheme 

is the calculation of uvj  and 0j  for each single quantized 
coefficient uvC .  

For uvd  and 0d , we can calculate them according to (14) 
and the value of uvC  itself directly. It is hard to calculate 
uvr and 0r  based on (13), because we need to update the 

parameters of GGF frequently.  

For simplicity, we simplify uvr in (13) to the following 
linear form (the experimental results tell that this kind of 
simplicity does not introduce much coding efficiency loss). 

             ˆ uv
uv uv uvr a C

η
=                                   (17)  

In the following, we use least squares method to fix the 
weighting factor uva  for each quantized coefficient ûvC . 
According to work [5], we choose η=0.5 for simplification. We 
fetch t num of 8×8 coding blocks with R1, R2, … , Rt (which 
can be easily generated from reference test model) being the 
real coding bits of each coding block after entropy coding to fix 
uva .   

Let uvx  be ˆ uv
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Rewrite (18) in matrix form, the following (19) can be 
developed, 

TX A R=i                                      (19) 

with         
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Then we can get TA  as 

1( )T T TA X X X R−= i i i                            (20) 

Once we get A , then all the weighting factors ( uva ) are 
generated, and uvr  can be yielded according to (17) directly. 

Actually, in practice we train different weighting factors for 
intra and inter modes, respectively. In this work, we adopt the 
following trained intraA  and interA for intra modes and inter 
modes, respectively. 

intra [2.8522,2.7943,3.8530,4.0431, 5.4804,  6.1372,  6.1372, 8.6949,
 3.4171,3.2302,3.7109,4.4696, 6.1372, 6.1372,  8.6949, 8.6949,
 3.5170,4.0278,4.8078,6.1372, 6.1372, 8.6949,  8.6949, 8.6949,
 4.9384,4.1153

A =

,6.1372,6.1372, 8.6949, 8.6949,  8.6949, 11.4159,
 4.9234,6.1372,6.1372,8.6949, 8.6949, 8.6949, 11.4159,11.4159,
 6.1372,6.1372,8.6949,8.6949, 8.6949, 11.4159,11.4159,11.4159,
 6.1372,8.6949,8.6949,8.6949, 11.4159,11.4159,11.4159,11.4159,
 8.6949,8.6949,8.6949,11.4159,11.4159,11.4159,11.4159,11.4159]

inter [2.4216, 2.8248, 3.7599, 4.1517, 4.6482, 5.0337, 5.0337, 6.5898,
3.3364, 3.5259, 4.0770, 4.5610, 5.0337, 5.0337, 6.5898, 6.5898,
3.4069, 3.9707, 4.5525, 5.0337, 5.0337, 6.5898, 6.5898, 6.5898,
4.2

A =

071, 4.2134, 5.0337, 5.0337, 6.5898, 6.5898, 6.5898, 8.2926,
4.1612, 5.0337, 5.0337, 6.5898, 6.5898, 6.5898, 8.2926, 8.2926,
5.0337, 5.0337, 6.5898, 6.5898, 6.5898, 8.2926, 8.2926, 8.2926,
5.0337, 6.5898, 6.5898, 6.5898, 8.2926, 8.2926, 8.2926, 8.2926,
6.5898, 6.5898, 6.5898, 8.2926, 8.2926, 8.2926, 8.2926, 8.2926]  

Fig. 5. Adopted weighting factors of intra and inter modes 

IV. EXPERIMENTAL RESULTS 
We integrate our proposed multi-level coefficient 

discarding scheme to AVS test model and apply the discarding 
scheme to non-reference frames. We set TBLD to 4 and TMBLD to 
5. Besides, we choose (3) as our cost function. 

 
Fig. 6. Performance Comparisons for “City” and “Life” 

Two selected HD sequences “City” (720P) and “Life” 
(1080P) were tested and Fig. 6 shows the corresponding RD 

curves. From Fig. 6, we can see our proposed scheme can 
improve the coding performance about 0.2db when compared 
with AVS reference model. Through advanced analysis, we 
find that the main improvement of our proposed MLD scheme 
happens in the high bitrate part. That is because in our MLD 
scheme we introduced CLD technique which is effective in 
high bitrate situation, while BLD and MBLD do not work at all 
due to the fact that the COSTBL and COSTMBL are so easy to 
exceed TBLD and TMBLD, respectively. More test results are 
tabulated in Table I and the average PSNR gain is 0.15db 
compared with the reference model (discarding open). The 
comparisons between the proposed scheme and the reference 
model with no discarding scheme are also presented in Table I 
to show the importance of discarding technique. 

TABLE I.  PERFORMANCE COMPARISONS. 

 
 
Format 

 
 
Sequence 

Proposed method 
VS 

Test model of AVS 

Proposed method 
VS 

No discarding  
PSNR  
Gain 
(dB)

Bit-rate 
change 

(%) 

PSNR 
Gain 
(dB)

Bit-rate 
change  

(%)
CIF bike 0.23 -2.85 0.37 -4.58 

container 0.21 -5.34 1.55 -43.5 
flower 0.32 -5.56 0.49 -8.93 

720P city 0.15 -4.79 1.02 -34.29 
cyclists 0.07 -2.71 0.66 26.93 
night 0.15 -4.37 0.50 -14.83 

1080P mobcal 0.20 -9.66 0.74 -38.80 
park_join 0.12 -2.67 0.17 -3.76 

life 0.26 -7.01 0.68 -18.72 
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