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Abstract1 
Background/Objectives: During the transform and quantization process in HEVC, there are a lot of zero blocks. 
The coding time of transform and quantization can be considerably decreased by effectively detecting all zero 
blocks. Methods/Statistical analysis: This work proposes all uniform quantizer and RDO quantizer zero block 
detection techniques. Findings: The energy concentration property of DCT is used to suggest an improved 
transform coefficient estimate approach. Low frequency DCT coefficients are estimated using the Hadamard 
transform, while the maximum magnitude of high frequency DCT coefficients is estimated using a SATD-based 
technique. There will be an explicit threshold which can be used to compare the float quantization level of 
coefficients, and all zero blocks in the uniform quantizer may be effectively found. The stair-like thresholds for 
RDOQ are obtained through statistical analysis, which makes AZB identification easier. 
Improvements/Applications: The experimental result shows that uniform quantizer’s coding time can be cut in half, 
and 40% coding time can be reduced for RDOQ.  
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I. INTRODUCTION 
High Efficiency Video Coding (HEVC) is widely 
used now [1] and it can get better video coding 
performance through many new technique [2]. There 
are many tools in HEVC, such as coding unit, motion 
compensation, and sample-adaptive offset filters [3]. 
The detecting of All zero block (AZB) can reduce 
the coding time of T/Q [4]. When all of the 
quantization level (QL) is zero for a certain TB, the 
TB is an AZB. The coding complexity of 
quantization can be reduced by skipping some AZB 
detection. Prediction selection [5] and motion mode 
searching also use some AZB scheming algorithm. 
Sum of Absolute Difference (SAD) in [6], and Sum 
of Square Error (SSE) in [7] based thresholds were 
deduced. AZB detection algorithm with Hadamard 
Transform (HT) was used in [8]. In [9], HT based 
method also use HT and SATD to reduce the video 
coding complexity. An estimation scheme of rate-
distortion was adopted in [10]. The detection 
accuracy of the two algorithms still needed to be 
further improved.  
The above algorithms mainly focused on AZBs in 
RDO quantizer (RDOQ) while no one was designed 
for uniform quantizer (UQ). The Maximum 
Magnitude (MM) is the maximum absolute value of 
transform coefficients. Rather than RDO based 
method in [9] and [10], the proposed algorithms are 
based on MM and the quantization level (QL). 
The main methods are shown as follows: 
 An improved transform coefficient estimation 

method is proposed according to the energy 
distribution of DCT. Because of the impacts on 
AZBs of high frequency coefficients. To allocate 
computing resources more reasonably, transform 
coefficients are divided into two types: low 
frequency coefficients and high frequency 
coefficients. And the value of MM is determined 
by a SATD based method. Compared with the 
method in [9]-[10], more high order HT 
coefficients are used, and higher accuracy could 
be achieved.  

 In the proposed algorithm, the global MM is used 
to detect AZBs. There is a threshold QL in UQ.  

 As shown in [9]-[10], AZBs in RDOQ are 
determined by evaluating the RD-cost. However, 
the evaluated RD-cost is usually not accurate 
enough for the high complexity of RDO process, 
which may lead to low detection efficiency. By 
statistical analysis of the MM, the stair-like 
thresholds for the global MM are obtained. In 
addition, AZBs in RDOQ can be calculated by 
comparing the FQLs with the stair-like thresholds. 

The remainder parts of this paper is organized as 
follows. Section II is the introduction of UQ and 
RDOQ. Section III is the proposed transform 
coefficients estimation method. Section IV contains 

the proposed AZB detection algorithms. The 
experimental results are shown in Section V. 
Conclusion is given in section VI. 

 
 

II. UQ AND RDOQ 
UQ and RDOQ are used in HEVC. UQ can be shown 
as, 
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Quantization is divided into two steps. A transform 
coefficient is pre-quantized as follows, 
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The relationship between quantization level and 
pre

il can be shown in Table 1. The next step is to 
choose the RD-optimal QL from the level set. RD-
cost can be calculated as, 

( ) ( ) ( ),1 ,1 ,1i i iJ l D l R lλ= + ⋅           (3) 
and, 

( ) ( ) ( ),2 ,2 ,2i i iJ l D l R lλ= + ⋅           (4) 

TABLE 1. THE RELATIONSHIP BETWEEN 
QUANTIZATION LEVEL AND PRE-LEVELS  

QUANTIZATION 
LEVEL lipre 

0 0 
0,1 1 

0,1,2 2 
2,3 3 

… … 
m-1, m m 

 
Every QL in an AZB is zero, which makes AZBs 
distinguishable from non-AZBs. To detect an AZB, 
it is necessary to decide the value of each QL. There 
are two difficulties to decide a QL. The first 
difficulty is the high complexity of transform 
coefficients estimation. As the value of QL depends 
on the corresponding transform coefficient, AZB 
detection efficiency is relative to the precision of 
transform coefficient estimation. Another difficulty 
is RDOQ itself. Because there is a one-to-one 
mapping relationship between a transform coefficient 
and a QL, QL in UQ can be easily determined. But 
only when li

pre equals to zero, QL in RDOQ can be 
directly determined. In this paper, we use SA(T)D to 
estimate the global MM of DCT coefficients. If the 
global MM is ineffective, transform coefficients are 
estimated by a mixed method at a finer level of 
granularity. The FQL of the estimated coefficient 
will be compared with a threshold. The threshold is 
explicit for UQ while implicit for RDOQ. In this 
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paper, stair-like thresholds are designed for RDOQ 
based on the DCT coefficients and QLs. With the 
stair-like thresholds, zero QL in RDOQ can be 
determined as easily as that in UQ. 

 
 

III. DCT COEFFICIENTS ESTIMATION 
A. Global MM Estimation 
The prediction residuals of Gaussian distribution can 
be calculated as, 

( )
2

221
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−
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where σ is the standard deviation of x (prediction 
residuals). According to (5), the expectation of x  is, 
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In a TB, the expectation of x  can also be expressed 
as, 

2/E x SAD N=                (7) 

where N is the size of TB, and 1 1

0 0

N N

x y
SAD x− −

= =
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With the combination of (6) and (7), we can get, 

22
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N
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Then, the distribution of prediction residuals could 
be established by (5) and (8).  

( )2 2

, ,
, T T

D u u v v
u v DRD DRDσ σ    =         (9) 

where T means transpose, [ ] ,u u
⋅ is the (u, u)th 

component of a matrix, D is DCT matrix and R is 
relevance metric. The definition of R is, 
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ρ is the correlation coefficient and is set to be 0.6. By 
substituting (8) into (9), the standard deviation of (u, 
v)th DCT coefficient can be obtained, 

   ( ) 2 , ,
,

2
T T

D u u v v

SADu v DRD DRD
N

πσ    =        (11) 

( ),D u vσ  can be used to estimate the absolute value 
of DCT coefficients. According to probability theory, 
the probability that ( )2 ,D u vσ⋅ is not less than the 
absolute value of the original coefficient is 95.4%, 
and 99.7% for ( )3 ,D u vσ⋅ . So, ( ),N D u vγ σ  can be 

regarded as the estimated coefficient in (u, v) 
location. Then, the global MM can be estimated as 

( )( )
, [0, 1]

,maxN D
u v N

u vγ σ
∈ −

⋅
, i.e., 
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T T
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N

πγ
∈ −

   ⋅       

(12) 
As all parameters except SAD in (12) are constant, 

it needs only one multiplication operation to estimate 
the global MM. It should be noted that calculating 
the SAD for each TB is unnecessary. As TB is 
recursively partitioned, the SAD of a TB can be 
inherited from its parent TB. What is more, for 
luminance TBs, SATD can be obtained directly from 
motion estimation or intra prediction, in which case, 
SATD is used instead, as following, 

( )'
2 , ,, [0, 1]

[ ] max2
T T

est N u u v vu v N

SATDMM SATD DRD DRD
N

πγ
∈ −

   = ⋅    

(13) 
 

B. Mixed Finer Granularity Coefficients 
Estimation 
In HM, the calculation of HT coefficients cause the 
trouble of coding time. Low frequency coefficients 
are different with high frequency coefficients. A 
simpler method rather than HT is considered to deal 
with high frequency coefficients. Fig. 1 shows 
coefficients in 4×4, 8×8, 16×16 and 32×32 TBs. 
 

   
(a) 4×4                                    (b) 8×8 

10

10

12

12

 
(c) 16×16                                (d) 32×32  
 

Fig. 1. low frequency coefficients 

The MM of high frequency DCT coefficients is 
estimated by the SATD based method discussed in 
section III.A, i.e., 
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( )''
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      (14) 
where HF is the set of high frequency coefficients. It 
should be noted that the SATD in (13) and (14) for 
16×16 or 32×32 TBs is the sum of the SATDs of 8×8 
TBs. 
As discussed above, HT is used to estimate low 
frequency DCT coefficients. Because a 16×16 HT 
matrix can be represented by four 8×8 HT matrix, 
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Equation (16) can also be shown as, 
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The relationship between '
16B  and 16B  is shown in Fig. 

2. 32×32 HT matrix can be shown, 
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The estimated low 
frequency coefficients

 
 

 

 

Fig. 2. The mapping relationship between '
16B  and 16B  

The estimated low 
frequency coefficients

 
 
 

Fig. 3. The mapping relationship between '
32B  and 32B  

 
The relationship between B’

32 and B32 is shown in 
Fig. 3. It should be noted that HT is not performed in 
HM for chrominance TBs. For such a case, extra 4×4 
or 8×8 HT is necessary. But the HT of a TB can be 
inherited from its parent TB for the quadtree 
structure. 

 
 

IV. AZB DETECTION IN HEVC 
The features of AZBs in UQ and AZBs in RDOQ are 
different. We handle these two types of AZBs 
separately. 

A. AZB detection in UQ 
The limit between zero QL and non-zero QL is 
explicit in UQ. To facilitate the expression, FQL is 
defined as, 

                               
ifloat

i
step

c
l

Q
=                        (20) 

Th_U is the threshold. If the FQL of TB’s 
coefficients are less than Th_U, AZB can be 
determined. In order to increase the accuracy of non-
AZBs prediction, the estimated low frequency 
coefficients (HT coefficients) are amplified before 
detect AZBs. The scaling factor is, 

/ /,
mean( ( , )), ( , ) 1N D H D Hu v LF

u v u vα σ σ
∈

= >     (21) 

The low frequency of DCT coefficient can be 
calculated as, 

, ( , ) ( , ), ,est N N NL u v B u v u v LFα= ⋅ ∈        (22) 
 

B. AZB detection in RDOQ 
As shown in Table 1, a transform coefficient is 
quantized to a level set at first in RDOQ, and then 
the optimal QL in the sense of RDO is selected from 
the level set. The proposed algorithm can skip some 
RD-cost calculation when the QL of the global MM 
is zero, as done in section IV.A.  
A QL in the bottom-right corner tends to consume 
more RD-cost than an identical QL in the up-left 
corner of coefficients matrix in HEVC. The QL is 
changed with the position of the global MM. All 

(a) 16×16 non-Walsh order HT 
coefficients matrix '

16B  
(b) 16×16 Walsh order HT 

coefficients matrix 16B  

(b) 32×32 Walsh order HT 
coefficients matrix 32B  

(a) 32×32 non-Walsh order HT 
coefficients matrix '

32B  
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FQLs of the global MM less than 1.0 were gathered 
to investigate the relationship between the global 
MM's zero QL and the location. Fig. 4(a) shows the 
statistical result of (0,0) position in a 4×4 block. 
The number of FQL quantized to zero QL is shown 
in green, while the number of FQL quantized to non-
zero QL is shown in red. The red line equals zero in 
Fig. 4(a), indicating that when the FQL is less than 
0.5, the associated QL is zero. The main reason is 
that when the FQL of a transform coefficient is less 
than 0.5, the corresponding pre-level is zero, as 
shown in Table 1. Therefore, the main point we 
really need to focus on is the crossing area marked 
with oblique lines in Fig. 4 (a). QLs in this area 
cannot be directly determined if they are zero or non-
zero. 
FQL can be used to distinguish between the global 
MM's zero and non-zero QL as a threshold. If the 
crossing area is overlooked and 0.5 is taken as an 
explicit threshold, several AZBs will be missed. On 
the contrary, when a larger threshold is used, many 
non-AZBs will be misclassified as AZBs. Obviously, 
a reasonable trade-off should be made. The curve of 
p/(p+q) is displayed to better highlight the link 
between FQL and the ratio of zero QL in Fig. 4(b). 
The ratio of FQL quantized to zero QL is represented 
by the value of p/(p+q). It can be seen that when 
FQL increases, the chance of the global MM 
quantized to zero reduces. In this paper, the value of 
FQL is chosen as the distinguishing threshold when 
p/(p+q)=0.9, which is represented as Th_R. Then, the 
threshold here is 0.61, as shown in Fig. 4 (b). As a 
result, if the global MM is in the (0, 0) location of 
the block and the FQL is less than 0.61, the 
corresponding QL is zero. AZB can also be 
calculated because the global MM's QL is zero, when 
the above circumstance happens. 
 

 
(a) Compare of zero and non-zero QL 

 
(b)  ratio of QL  

Fig. 4. The statistical result of QL 

Thresholds for other positions and TB sizes can also 
be obtained by the same strategy. Fig. 5 (b) - (e) 
shows the thresholds for all places in varied TB sizes. 
As seen in Fig. 5, the threshold rises as the frequency 
rises, similar to stairs. The primary reason for this is 
because high frequency coefficients use more coding 
bits and are more likely to be quantized to zero by 
RDOQ. The approach for detecting AZB for DCT 
described above can be immediately applied to 
transform skip mode. Fig.5 (a) shows the transform 
skip mode thresholds. In transform skip mode, the 
TB is designated an AZB if the FQL of each 
prediction residual is less than the appropriate 
threshold. 
 

0.6

0.9

0.80.7

 

0.61

0.83

0.770.71

0.86  
(a) transform skip               (b) 4×4TB 

0.61

0.82

0.780.72

0.86 0.90

High 
frequency

 

High 
frequency

0.70 0.920.880.83

0.95 0.98 1.03 1.08  
(c) 8×8TB                (d) 16×16TB 



International Journal of Emerging Multidisciplinary Research 2022 Mar ; 6(1):1-7 

6 

High 
frequency

0.76 0.890.860.82

0.93 0.98 1.03 1.08  
(e) 32×32TB 

Fig. 5. Statistical results of AZB detection  
 

The method presented in section IV.A for pre-
detecting AZBs and non-AZBs using the estimated 
global MM can also be applied in RDOQ. Fig. 6 
depicts the AZB detection flowchart for DCT in 
RDOQ. However, there are two points worth 
mentioning. On the one hand, because RDOQ's 
threshold is implicit in nature, the scaling operation 
for low frequency coefficients is not required. In 
RDOQ, however, the criteria for detecting zero QL 
vary depending on the position of the coefficients, 
but in UQ, all coefficients have the same threshold. 
The global MM is used to pre-detect AZB and non-
AZB before detecting an AZB. If global MM fails to 
detect non-AZB, low frequency coefficients are 
estimated.  

FQL of global 
MM<TH_U

estimate
global MM

any (u,v) left?

FQL of HMest
<TH_R(HF)

Finish
AZB

Finish
non-AZB

Yes

No

Yes

No

Residual 
block

No

Yes

FQL of global 
MM>TH_skip

estimate BN(u,v)

FQL of BN(u,v)
<TH_R(u,v)

estimate
HMest

Yes

No

Yes

No

 
Fig. 6. The flowchart of AZB detection in RDOQ 

 
V. EXPERIMENTAL RESULTS 

The detection efficiency of the proposed algorithm in 
UQ and RDOQ is shown in Table 2, which based on 
the test results of 21 sequences in HEVC Model 13.0 
(HM 13.0). Table 2 shows the coding efficiency of 
the proposed algorithm. As a result, the suggested 
technique can minimize computing complexity while 
maintaining roughly the same BDBR performance as 
the original HEVC algorithm. 

 
VI. CONCLUSION 

This paper presents an AZB detection algorithm in 
UQ and RDOQ to reduce the coding time of T/Q. 
Both these two algorithm adopt a strategy to classify 
low and high frequency coefficients of transform.  
Experimental result shows that coding time for UQ 
may be lowered by 50%, and coding time for RDOQ 
can be reduced by 40%, with no reduction in coding 
efficiency. 
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TABLE 2. RD PERFORMANCE AND TS COMPARISON AMONG THE PROPOSED ALGORITHM, [9] AND [10] FOR RDOQ 

Class Sequences 

BDBR(%) TQ(%) 
Lee, K. 

[9] 
Fan, H. 

[10] 
Proposed 

In UQ 
Proposed 
In RDOQ 

Lee, 
K. [9] 

Fan, H. 
[10] 

Proposed 
In UQ 

Proposed 
In RDOQ 

A 
PeopelOnStreet 0.60 0.61 -0.04 0.11 22 25 44 35 

Traffic 0.57 0.94 -0.15 0.20 41 50 50 39 

B 

BasketballDrive 0.47 0.76 0.09 0.31 32 38 44 34 
BQTerrace 0.44 0.70 -0.07 0.03 43 54 51 44 

Cactus 0.31 0.90 -0.09 -0.09 34 44 48 35 
Kimono -0.02 0.02 -0.07 -0.11 11 10 42 34 

ParkScene 0.55 0.89 0.03 0.27 40 46 53 39 

C 

BasketballDrill 0.24 0.62 0.09 0.00 34 48 49 33 
BQMall 0.75 1.00 -0.06 0.22 37 53 44 33 

PartyScene 0.83 0.80 -0.03 0.10 34 41 41 26 
RaceHorsesC 0.62 0.43 -0.05 -0.07 20 34 36 21 

D 

BasketballPass 0.86 0.80 0.00 0.13 36 45 43 31 
BlowingBubbles 0.68 0.79 0.14 0.20 29 38 41 29 

BQSquare 0.80 0.48 0.13 0.22 38 50 50 36 
RaceHorses 0.41 0.34 0.02 0.19 18 20 36 20 

E 

FourPeople 0.30 0.36 0.11 0.16 53 64 64 59 
Johnny 0.57 0.46 -0.04 0.48 53 65 69 63 

KristenAndSara 0.26 0.33 0.12 0.10 48 58 65 61 

F 

ChinaSpeed 0.46 0.46 -0.09 0.08 23 30 51 31 
SlideEditing 0.41 0.20 -0.07 0.14 57 69 69 70 
SlideShow 0.42 1.01 0.10 0.25 21 19 63 58 

Average 0.50 0.61 0.00 0.14 34 43 50 40 
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