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Abstract— Transform and quantization account for a consid-
erable amount of computation time in video encoding process.
However, there are a large number of discrete cosine transform
coefficients which are finally quantized into zeros. In essence,
blocks with all zero quantized coefficients do not transmit any
information, but still occupy substantial unnecessary computa-
tional resources. As such, detecting all-zero block (AZB) before
transform and quantization has been recognized to be an efficient
approach to speed up the encoding process. Instead of consid-
ering the hard-decision quantization (HDQ) only, in this paper,
we incorporate the properties of soft-decision quantization into
the AZB detection. In particular, we categorize the AZB blocks
into genuine AZBs (G-AZB) and pseudo AZBs (P-AZBs) to dis-
tinguish their origins. For G-AZBs directly generated from HDQ,
the sum of absolute transformed difference-based approach is
adopted for early termination. Regarding the classification of
P-AZBs which are generated in the sense of rate-distortion
optimization, the rate-distortion models established based on
transform coefficients together with the adaptive searching of
the maximum transform coefficient are jointly employed for the
discrimination. Experimental results show that our algorithm can
achieve up to 24.16% transform and quantization time-savings
with less than 0.06% RD performance loss. The total encoder
time saving is about 5.18% on average with the maximum value
up to 9.12%. Moreover, the detection accuracy of larger TU sizes,
such as 16 × 16 and 32 × 32 can reach to 95% on average.

Index Terms— DCT, all zero block (AZB) detection, soft-
decision quantization, rate-distortion modeling.

I. INTRODUCTION

THE state-of-the-art video coding standard High Effi-
ciency Video Coding (HEVC) [1] jointly developed by

the ISO/IEC MPEG and ITU-T, has achieved significant
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coding efficiency improvement compared with H.264/AVC [2].
The superior coding performance originates from the advanced
coding tools adopted in HEVC, including quad-tree partition,
extended-size discrete cosine transform (DCT) and additional
discrete sine transform (DST) [3], etc. DCT is a vital but
time-consuming module in HEVC, due to the computational
burden of transform and the exhaustive rate-distortion opti-
mization (RDO) process. However, in the case that one trans-
form unit (TU) including non-zero residual data is identified
as zero block after forward transform and quantization, there
will be no subsequent entropy coding for RDO. In practice,
there are a multitude of TUs to be quantized into all zero
coefficients, especially for the small size TUs such as 4×4 and
8×8 in the low bit rate coding scenario. Thus, the all zero
block (AZB) early determination ahead of transform tends
to be useful for saving encoding time caused by redundant
transform and quantization.

In literature, there have been a number of all zero block
detection technologies [4]–[27] proposed for H.264/AVC and
HEVC, aiming to accurately detect the AZB early with low
complexity. Similar to early determination of CU splitting
algorithms which are implemented with very different ways,
such as [28] and [29], various AZB detection methods are
designed to save encoding time in RDO process as well.
Xuan et al. [4] derived the upper bound of the sum of the
absolute difference (SAD), and determined the block as AZB
if the SAD of the coding block is below the upper bound.
The threshold value of the upper bound is theoretically derived
based on the relationship between SAD and DCT coefficients.
The similar idea based on SAD can also be found in [5]–[16].
In [5], the quantization parameter (QP) has been introduced
to assist the threshold design. The detection method proposed
in [17] refined the SAD threshold condition depending on the
position of DCT coefficients to improve the detection accuracy.
In [18], more sufficient and specific conditions are derived
for three types of transforms, including integer 4×4 DCT for
all the 4×4 blocks, Hadamard transform for 4×4 Luma DC
coefficients and intra 16×16 blocks, and Hadamard transform
for 2×2 Chroma DC coefficients.

Another method to improve detection accuracy with the
consideration of frequency characteristics has been pro-
posed in [19], where the sum of the squares is used to
check AC energy of the residual data. However, the sum
of squares should be calculated with multiplications which
increase the computation burden in AZB detection in turn.
Wang et al. [20], [21] further improved the AZB detec-
tion in [18] by utilizing a hybrid model for zero quantized
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DCT coefficients to further reduce redundant computations.
However, the AZB detection conditions derived by above
methods cannot be applied straightforwardly when the Had-
mamard transform is enabled in H.264/AVC coding, such
that the sum of absolute transformed different (SATD) is
used instead of SAD in [22]. In addition, the AZB detection
in [23] utilized the Hadamard coefficients to evaluate the
zero blocks and there is hardly any extra computation cost
since the Hadamard coefficients can already be obtained
in the prediction stage. However, the detection accuracy
may suffer from the difference between Hadmard and DCT
transform.

Regarding HEVC, larger transform block sizes are
employed compared with H.264/AVC, such as 16×16 and
32×32, which comprise more complex and diverse content
characteristics. This brings new challenges to AZB detection
as well, since the AZB detection methods in H.264/AVC are
not appropriate to be straightforwardly applied in HEVC.
In view of this, several AZB early detection approaches
have been designed for HEVC structure. In [24], the genuine
zero block (GZB), which represents the blocks identified as
AZB right after hard-decision quantization (HDQ), is detected
by extending the method in [23]. For larger TU sizes,
i.e., 16×16 and 32×32, the AZB is examined through the
DC coefficients of each 8×8 Hadmard transformed sub-block,
and these DC coefficients are transformed by 2×2 and 4×4
Hadamard transform again. Moreover, Lee et al. [24] proposed
a method to determine the pseudo zero blocks (PZBs), which
denote the blocks quantized as non-zero blocks are finally
forced to be AZBs by RDO. Although the AZB detection
rate has been increased by combining multiple 8×8 Hadmard
transform matrices to detect AZB for 16×16 and 32×32,
it decreases the effectiveness for small TUs, and has the
limitations in practice due to the empirical values introduced
in the RD cost calculation. Wang et al. [25] provided an
efficient AZB detection method for HEVC with sufficient
conditions. However, this method only targets at the 4×4 block
size. Recently, state-of-the-art AZB detection methods were
proposed in [26] and [27]. In [26], the upper and lower bounds
of SAD and one SATD threshold were used to detect GZB.
For PZB, a fast rate-distortion cost estimation scheme was
proposed in order to improve the detection rate. However,
several empirical values were introduced in the GZB detection
and the proposed distortion and rate estimation models in RDO
for PZB determination tend to be sensitive to the initial values.
The AZB detection proposed in [27] introduced the idea that
the DCT coefficients can be approximated by multiplying the
sparse matrix with the Walsh Hadamard transform (WHT)
matrix. Based on the SATD and WHT coefficients, the AZB
detection works without performing actual DCT and quan-
tization. However, the detection rates for the 16×16 and
32×32 block size are not satisfactory since the approximated
coefficients cannot well match the DCT coefficients.

For soft-decision quantization (SDQ), the final quantized
coefficients are not only dependent on how the coefficients are
quantized, but also rely on how these coefficients are entropy
coded. The quantized coefficient becomes the free parameter to
be optimized with the RDO, which provides more flexibilities

in the AZB detection process. Therefore, it is difficult to
directly infer the AZB conditions from the block features
such as residual energy or SATD. Recently, Yin et al. [30]
proposed an detection method based on more accurate zero-
quantized deadzone offset model in Rate Distortion Optimized
Quantization (RDOQ). Our previous work [31] also presented
a detection method based on RDOQ. However, Although the
characteristics of AZB after RDOQ were taken into account,
research on the relationship between AZB and RD cost is
still required. In this paper, we make further efforts to solve
the AZB detection problem by jointly considering the HDQ
and SDQ. Specifically, the conditions of AZB for HDQ are
firstly derived, followed by the strategies for SDQ to further
identify the blocks that are required to be quantized to AZB
in the sense of RDO. In particular, in the identification of AZB
with SDQ, the maximum transform coefficient amplitude is
detected within the low frequency part of TU, and the rate
and distortion estimation models are established based on the
transform coefficients and SATD of blocks to further detect
the AZB in the RDO framework.

The remainder of this paper is organized as follows.
In Section II, the relative works on AZB detection are
reviewed. The proposed AZB detection scheme is introduced
in Section III, and the experimental results are provided
in Section IV. Finally, Section V concludes this paper.

II. RELATIVE WORKS

Generally speaking, many block level features have been
adopted as criterions to determine the AZB, such as residual
energy, SAD and SATD of the given residual block. In partic-
ular, for the residual data z(x, y) in the given N ×N transform
block, the transform coefficient Z(u, v) can be described as
follows based on the integer DCT transforms,

Z(u, v) =
N−1�

x=0

N−1�

y=0

z(x, y) · A(x, u) · A(y, v) (1)

where,

A(m, n) =
��

2

N
· a(m) · cos

�
2n + 1

2N
· mπ

��
(2)

m, n = 0, 1, . . . , N − 1

and

a(m) =
�

1/
√

2 m = 0

1 m = 1, . . . , N − 1
(3)

In the Dead Zone plus Uniform Threshold Quantization
(DZ+UTQ), the transform coefficients Z(u, v) are quantized
as L(u, v),

L(u, v) = sign(Z(u, v))
	|Z(u, v)|·MQP/6 + offset


 � Qbits

(4)

where MQP/6 is the multiplication factor equal to 2Qbits /Qstep,
and Qstep denotes the quantization step which is associated
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with the quantization parameter (QP). In practical implemen-
tation, the DZ+UTQ can be formulated by Eq.(4) with the
MQP/6, offset, and Qbits defined as:

MQ P/6 = {26214, 23302, 20560, 18396, 16384, 14564},

offset =
⎧
⎨

⎩
171 � (Qbits − 9), f or I slice

85 � (Qbits − 9), f or P/B slice,

Qbits = 29 + QP/6 − bi t Depth − log2 N, (5)

where bi t Depth is the bit depth of input image pixel
and N denotes the TU width. If the block is detected as
AZB, it implies all the quantized coefficients L(u, v) should
satisfy:

|L(u, v)| < 1. (6)

Then we have

|Z(u, v)| < T h(u, v), T h(u, v) = 2Qbits − offset

MQP/6
, (7)

where T h(u, v) denotes the threshold of AZB. In the pre-
vious work, SAD in the residual domain is frequently used
to detect the AZB. In particular, the detection condition is
defined as:

S AD < � (T h(u, v)) , (8)

where �(·) denotes the function based on T h(u, v) and it has
been derived in various fashions [20], [25], [32]. However,
the SAD value implies the residual difference in the residual
domain, which cannot directly reflect the AZB characteris-
tics. As such, in order to approximate the DCT coefficients
in frequency domain, the Hadamard transform is applied to
substitute the integer DCT transform such that the SATD
from the Hadamard transform naturally becomes an alternative
feature for AZB detection. However, although the SATD-based
detection is able to improve the detection accuracy to some
extent, previous works [24], [26] indicate that it may suffer
from the undesirable detection rate for larger TU sizes due to
more diverse content characteristics within one TU.

III. THE PROPOSED AZB DETECTION

In this section, we propose the AZB detection scheme for
all sizes of TUs based on both mathematical derivations and
empirical analyses. In HEVC reference software, the SDQ
strategy-Rate Distortion Optimized Quantization (RDOQ)
is performed by default after transform. In contrast with
DZ+UTQ, RDOQ is able to determine the optimal quantized
transform coefficients from the perspective of coding perfor-
mance, which may result in some transform blocks which are
non-zero blocks after DZ+UTQ actually quantized to AZB by
RDOQ. Therefore, in this work, the AZBs are categorized
into genuine all zero block (G-AZB) and pseudo all zero
block (P-AZB) according to different quantization strategies,
as shown in Fig. 1. In particular, the G-AZB denotes the block
quantized to all zero coefficients after DZ+UTQ. Otherwise,
if the non-zero coefficients in the transform block are further
quantized to all zero coefficients by RDOQ, such block is

Fig. 1. The workflow of G-AZB and P-AZB detection.

Fig. 2. AZB distributions for each TU layer in different QPs for sequence
BasketballDrive under Random Access (RA). (a) QP = 12. (b) QP = 22.
(c) QP = 32. (d) QP = 42.

regarded as P-AZB. The AZB distributions of each type for
different TU layers are illustrated in Fig. 2. Obviously, we can
see that the percentages of AZB blocks including G-AZB and
P-AZB types increase monotonously with QP. Moreover, for
the larger TUs such as 32×32 TU, there is hardly any G-AZB
even for high QP cases. As such, in 32×32 TU, almost all the
AZBs are P-AZBs, which implies there is slight possibility that
the 32×32 TU is finally quantized to AZB without RDOQ.
In other words, RDOQ contributes significantly to determine
AZB blocks in this scenario. This motivates us to deal with
G-AZB and P-AZB sequentially. In addition, as the residual
coefficients of intra block tend to be larger even under the
large QP values, here we only focus on the TUs from inter
prediction.

A. Transform Specification

DCT has been proved to be an efficient transform method
used in video/image compression, but the computational com-
plexity is much higher than Hadamard transform. To reduce
the computational cost of DCT, for the 8×8 and 4×4 transform
blocks, the DCT transform cores are able to be simulated
with Walsh-ordered Hadamard transform core and the sparse
matrix A [27] with:

DCTN = 1√
N

AN Hw,N . (9)
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Specifically, sparse matrix A is defined as:

A8 =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

64 0 0 0 0 0 0 0
0 58 0 24 0 − 5 0 12
0 0 59 0 0 0 25 0
0 − 20 0 49 0 33 0 14
0 0 0 0 64 0 0 0
0 14 0 − 33 0 49 0 20
0 0 − 25 0 0 0 59 0
0 − 12 0 − 5 0 − 24 0 58

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(10)

A4 =

⎡

⎢⎢⎣

16 0 0 0
0 15 0 6
0 0 16 0
0 −6 0 15

⎤

⎥⎥⎦ (11)

Considering Hw,N is built based upon 1 and -1, only
additions and subtractions are required in the computation.
In addition, as there are a number of zeros in AN , the cal-
culation burden increase is marginal. For larger TU sizes,
i.e., 16×16 and 32×32, DCT transform is used. Since different
transforms are utilized for various TU sizes, the generalized
sum of absolute transformed difference S AT DT is introduced
in the following sections as the substitution for SATD where
the subscript T denotes the transform core.

B. G-AZB Detection

For G-AZB, SAD and S AT DT carry important information
that can be used to as the summary for the TU characteristics.
Here, we adopt a mathematical derivation based method, and
we want to emphasize that our scheme is advantageous over
the previous works such as [26] in several ways by utilizing
more strict threshold. Firstly, we use more efficient transform
by DCT-like matrix for 4×4 and 8×8 TU instead of using
Hadamard transform. Secondly, more strict conditions are
introduced in the mathematical derivation of the threshold.

In theory, all transform coefficients in the given TU should
satisfy the constraint in Eq.(7) if it is detected as G-AZB. Then
we have:

N−1�

u=0

N−1�

v=0

|Z(u, v)| <

N−1�

u=0

N−1�

v=0

T h(u, v), (12)

which can be further derived as follows,

S AT DT <

N−1�

u=0

N−1�

v=0

�
2Qbits −of f set

MQ P/6

�
= N2

�
2Qbits −offset

MQ P/6

�
.

(13)

Therefore, one threshold �1
S AT DT

can be obtained as,

�1
S AT DT

= N2
�

2Qbits − offset

MQ P/6

�
. (14)

For the prediction residuals, the Laplacian distribution is
used to model the residual data distribution, and then the
corresponding relationship between residuals and transform
coefficients can be derived. The Laplacian distribution is
formulated as follows

p(x) = 1

2b
e− |x |

b , (15)

where σ is the standard deviation of residual data x and b is
the scale parameter. The expected value of |x | can be deduced
as:

E[|x |] =
� +∞

−∞
|x | · 1

2b
e− |x |

b dx = b, (16)

with,

b = σ√
2
.

Since

S AD =
N−1�

u=0

N−1�

v=0

|x |, (17)

and

E[|x |] ≈ S AD/N2, (18)

we can have the following relationship,

σ ≈ √
2 · S AD

N2 (19)

The variance of transform coefficients in (u, v)th position can
be calculated according to [33], [34] as follows,

σ 2
dct (u, v) = σ 2

N2 · uv, (20)

with,

uv =
�

AHwC AT H T
w

�

u,u

�
AHwC AT H T

w

�

v,v
,

where [·]u,u denotes the element in (u, u)th position and C is
the relevance metric,

C =

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

1 ρ ρ2 . . . ρN−1

ρ 1 ρ . . . ρN−2

ρ2 ρ 1 . . . ρN−3

. . . . . . .

. . . . . . .

. . . . . . .

ρN−1 ρN−2 ρN−3 . . . 1

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (21)

Here, ρ is the correlation coefficient. In particular, larger ρ
value indicates that the input signal shares more homogenous
visual content. Generally, ρ is set to be 0.6 following published
works [20], [22], [35], [36]. As such, the standard derivation
in (u, v)th position can be obtained by combining Eq.(19) and
Eq.(20):

σdct (u, v) =
√

2

N3 · S AD · √
uv. (22)

It is has been proved that there is a linear relationship between
SAD and S AT DT [22], and then we have:

S AD = κ · S AT DT , (23)

where κ is defined as:

κ = 1

2N2

N−1�

u=0

N−1�

v=0

√
uv. (24)
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Thus, by substituting SAD in Eq.(22) with Eq.(23), σdct (u, v)
can be represented as:

σdct (u, v) =
√

2κ

N3 · S AT DT · √uv. (25)

The σdct (u, v) denotes the standard deviation in the band
(u, v) and it can be used to characterize the transform coef-
ficients based on the hypothesis that transformed coefficients
obey Laplacian distribution [37]. According to the theory of
probability, the probability of absolute of transform coefficient
which is less than 3σdct (u, v) approximately accounts for
99.7%. Therefore, it is reasonable to have,

Z(u, v) ≤ 3σdct (u, v) (26)

and

max
u,v∈[0,N−1] (σdct (u, v)) < T h(u, v)/3. (27)

By combining Eq.(25) and Eq.(27), we can have,

S AT DT <
N3 · T h(u, v)

3
√

2κ max
u,v∈[0,N−1]

	√
uv

 . (28)

Therefore, the other threshold �2
S AT DT

can be derived as,

�2
S AT DT

= N3

3
√

2κ max
u,v∈[0,N−1]

	√
uv

 · 2Qbits −of f set

MQ P/6
. (29)

Finally, the SAD and S AT DT based G-AZB detection thresh-
old can be summarized as:

S AT DT < min
u,v∈[0,N−1]

�
�1

S AT DT
, �2

S AT DT

�
. (30)

C. P-AZB Detection

P-AZB detection is applied to detect the blocks which are
quantized to AZBs via RDOQ. In other words, when only
DZ+UTQ is applied, these blocks will not be quantized into
AZBs. Therefore, P-AZB detection is performed right after
G-AZB detection when the conditions in G-AZB detection
are not satisfied.

Since accurate P-AZB detection method contributes signifi-
cantly for the larger TU blocks, here we further investigate the
scenario of P-AZB detection for larger TU sizes. In particular,
the coefficient distributions for the larger TU, i.e., 16×16,
32×32, are explored in Fig. 3 with absolute quantized coef-
ficient values being 1, 2 or larger than 2 for AZBs and non-
AZBs. For the AZBs, the maximum coefficient amplitude
tends to be smaller than 2 under different QPs. As such,
the coefficient magnitude is an efficient clue to determine non-
AZBs. Thus, the AZB detection can be performed based on
searching transform coefficient amplitudes in the given TU.
However, for large TUs, to avoid time-consuming operation
traversing all coefficients, we propose a new method to detect
the maximum transform coefficients based on the frequency
band.

Before performing RDOQ, the temporal level termed as
l(u, v) is pre-calculated based on DZ+UTQ irrespective of
frame type. In RDOQ, there are several candidate levels for

Fig. 3. Coefficients distributions in AZB and non-AZB of 16×16 and
32×32 TUs for BasketballDrive under RA. (a) AZB 16×16. (b) AZB 32×32.
(c) non-AZB 16×16. (d) non-AZB 32×32.

TABLE I

THE CANDIDATES OF l(u, v) IN RDOQ

each l(u, v), and the optimal one among these candidates is
determined by RDO. Table I lists the available candidates
for each l(u, v). In particular, for the case of l(u, v) being
0, the final quantized coefficient will be definitely zero even
without RDOQ. However, only l(u, v) being 1 or 2 is able to
be adjusted to 0, which means if the given TU is AZB after
RDOQ, the prerequisite is that the l(u, v) of all coefficients
need to be within 2. Fig. 4 to Fig. 7 illustrate the l(u, v)
distributions with different QPs for each TU layers in these
P-AZB TUs. We can observe that all the non-zero l(u, v) are
not larger than 2. The statistical results suggest that only all the
l(u, v) are within the range [0, 2], the TU can be encoded as
P-AZB. This motivates us to search for the largest coefficient
in the TU for the identification of P-AZB.

To reduce the coefficients searching burden, we divide each
TU into two parts: low frequency part and high frequency part.
In essence, the boundary for low and high frequency parts
balances the searching complexity and detection accuracy.
For high bit rate coding, more non-zero l(u, v) are generated,
such that our detection area should be larger than that in the
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Fig. 4. The examples of l(u, v) distribution map in the 4×4 P-AZB. (a) BasketballPass QP = 22. (b) BasketballPass QP = 32. (c) BasketballPass QP = 42.
(d) Cactus QP = 22. (e) Cactus QP = 32. (f) Cactus QP = 42.

Fig. 5. The examples of l(u, v) distribution map in the 8×8 P-AZB. (a) BasketballPass QP = 22. (b) BasketballPass QP = 32. (c) BasketballPass QP = 42.
(d) Cactus QP = 22. (e) Cactus QP = 32. (f) Cactus QP = 42.

Fig. 6. The examples of l(u, v) distribution map in the 16 × 16 P-AZB. (a) BasketballPass QP = 22. (b) BasketballPass QP = 32. (c) BasketballPass
QP = 42. (d) Cactus QP = 22. (e) Cactus QP = 32. (f) Cactus QP = 42.

Fig. 7. The examples of l(u, v) distribution map in the 32 × 32 P-AZB. (a) BasketballPass QP = 22. (b) BasketballPass QP = 32. (c) BasketballPass
QP = 42. (d) Cactus QP = 22. (e) Cactus QP = 32. (f) Cactus QP = 42.

low bit rate scenario. Therefore, the boundary should be
adaptive to the QP values. Here, we proposed a deterministic
scheme for the identification of the block for the low frequency
part, which locates in the top left corner of TU, as shown
in Fig. 8,

BLF = max
QP∈(0,...,maxQP)
N∈[4,8,16,32]

�
round

�
(1− QP

max QP
) · N

�
, 1

�
, (31)

where BLF is the block size of low frequency part. maxQP
denotes the maximum QP setting in HEVC and Q P is the
quantization parameter for current TU.

Considering the fact that only the l(u, v) of 1 or 2 in
TU can be further quantized to zero, and moreover large
amplitude coefficients always concentrate in the low frequency
part, we only focus on the low frequency part and guarantee
the maximum absolute l(u, v) within it to be smaller than 2.
To reduce computational cost of DZ+UTQ, we construct our
detection threshold based on the transform coefficients instead

Fig. 8. Illustration of the low and high frequency partitions.

of l(u, v), and thus we have,

max
u,v∈[0,BL F ]
ε∈[0,0.5)

{Z(u, v)} ≥ (MUL + ε) · 2Qbits − offset

MQ P/6
, (32)
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Fig. 9. The relationship between RD Cost and SAD in 16 × 16 and 32 × 32 AZB TUs for BasketballPass. (a) 4 × 4 QP = 22. (b) 4 × 4 QP = 32. (c) 4 × 4
QP = 42. (d) 8 × 8 QP = 22. (e) 8 × 8 QP = 32. (f) 8 × 8 QP = 42. (g) 16 × 16 QP = 22. (h) 16 × 16 QP = 32. (i) 16 × 16 QP = 42. (j) 32 × 32 QP = 22.
(k) 32 × 32 QP = 32. (l) 32 × 32 QP = 42.

Fig. 10. The relationship between the number of non-zero transform coefficients nonZeroNum and S AT DT in 16×16 and 32×32 AZB TU for BasketballPass.
(a) 16 × 16 QP = 12. (b) 16 × 16 QP = 22. (c) 16 × 16 QP = 32. (d) 16 × 16 QP = 42. (e) 32 × 32 QP = 12. (f) 32 × 32 QP = 22. (g) 32 × 32 QP = 32.
(h) 32 × 32 QP = 42.

where MUL denotes the maximum l(u, v) and ε is the compen-
sating factor. In this method, we set MUL and ε as 2 and 0.2,
respectively.

In addition, to further detect the AZBs which are generated
by the RDOQ, we design the RDO-based threshold by com-
paring the RD costs of a TU when it is detected as AZB and
non-AZB. In particular, the RD costs can be calculated by:

RDCostAZB = SSDAZB + λ × RAZB,

RDCostnon-AZB = SSDnon-AZB + λ × Rnon-AZB, (33)

where SSD∗ and R∗ denote the distortion and entropy bits,
respectively. In particular, the RAZB can be approximated to 1
since there is no coefficients needed to encode and only one
bit flag is required for signal, as described in [1]. Therefore,

we can have,

RDCostAZB = SSDAZB + λ. (34)

Here, the SSDAZB is calculated by:

SSDAZB = ||r − rr|| = ||r||2, (35)

where r and rr are the original and reconstructed residual
data vector, respectively. For TUs including only zero coef-
ficients after RDOQ, the rr is zero vector as well. As such,
the RDCostAZB in Eq.(34) can be written as,

RDCostAZB = ||r||2 + λ. (36)
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TABLE II

THE VALUES OF T hc INDEXED BY QP AND TU SIZE

TABLE III

THE VALUES OF α INDEXED BY QP AND TU SIZE

TABLE IV

THE VALUES OF β INDEXED BY QP AND TU SIZE

Moreover, as the residual data for inter prediction will be
mostly 1 and 0, we can have,

RDCostAZB = r0
2 + · · · + rN2−1

2+λ ≈ (|r0|+· · · + |rN2−1|)
× (|r0|+· · ·+|rN2−1|)+λ=SAD2+λ. (37)

The relationship between RD cost and SAD is shown
in Fig. 9, where we can see that approximation of the RD
cost with Eq.(37) is practical. To unify the RD cost at pixel
level, we modify Eq.(37) by a constant c, which is a function
of TU size N,

RDCostAZB = (S AD2 + λ)/c. (38)

Here, c is set to be 17, 37, 148 and 580 which are the same
as in [24] and [26] for 4×4, 8×8, 16×16 and 32×32 TUs,
respectively. Combining Eq.(38) with Eq.(23), we can have:

RDCostAZB = (κ2 · S AT DT
2 + λ)/c, (39)

where the κ is obtained from the G-AZB detection.
For the RD cost of non-AZB, both SSDnon-AZB and Rnon-AZB

are derived. Assuming that the distortion SSDnon-AZB can be
obtained in the transform domain by original and reconstructed
transform coefficients, we can have

SSDnon-AZB = s2 · Q2
step ·

N2−1�

i=0

	
Ci − C̄i


2
, (40)

TABLE V

THE EXAMPLE VALUES OF T hS AT DT AND SLOPE ϕ INDEXED
BY QP AND TU SIZE

TABLE VI

DETECTION ACCURACY EVALUATION CRITERIONS

Fig. 11. Sensitivity of c regarding on the average Detection Rate of Traffic
and ParkScene under RA. (a) FNR. (b) FPR.

where s is the scaling factor and Ci and C̄i are denoted
as the i-th quantized and reconstructed quantized coefficient
matrices.

The quantized error |Ci − C̄i | for i-th quantized coefficient
tends to be small after RDOQ, such that we set a threshold
value T hc, which covers about 95.5% of |Ci − C̄i | by learning
from video sequences BasketballPss, Cactus with 100 frames,

|Ci − C̄i |2 < T hc. (41)

The QP-based threshold value T hc for each TU size can be
summarized in Table II. By combining Eq.(40) and Eq.(41),
we can have,

SSDnon-AZB = s2 · Qstep
2 ×

�
T hc (42)

For Rnon-AZB, a rate estimation model is employed based on
the transform coefficients as that in [38] and [39],

Rnon-AZB = α · S AT DT + β · nonZeroNum + γ, (43)

with,

nonZeroNum =
N−1�

u=0

N−1�

v=0

I (Z(u, v))
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Fig. 12. The coding gain GT C comparison for BasketballPass with QP
32 under RA.

and

I (Z(u, v)) =
�

1, i f Z(u, v) = 0

0, otherwi se,

where the parameters α and β are obtained based on offline
training, as shown in Table III and Table IV. The training
scheme and method have been proposed in our previous work
in [38]. γ is set as 0 since the TU will be skipped once all
the transform coefficients are zero. Moreover, the relationship
between nonZeroNum and S AT DT can be well fitted by piece-
wise linear function based on the statistical results in Fig. 10,
and T hS AT DT is used to classify two parts of linear curve.
ϕ is the slope between nonZeroNum and S AT DT . Thus the
Rnon-AZB is modified as:

Rnon-AZB

= α · S AT DT + β ·
�

N2, i f S AT DT > T hS AT DT

ϕ × S AT DT , else.
(44)

In particular, for 4×4 and 8×8 TU, the T hS AT DT is approach-
ing to zero, i.e., nonZeroNum = N2. Then we have:

Rnon-AZB = α · S AT DT + β · N2 (45)

If the current TU is P-AZB, we can have the following
relationship,

RDCostAZB < RDCostnon-AZB. (46)

Combining Eq.(33), Eq.(39), Eq.(42), and Eq.(44) with the
case S AT DT > T hS AT DT , we can formulate Eq.(46) as:

(κ2 · S AT DT
2 + λ)/c < s2 · Q2

step

×
�

T hc + λ ·
�
α · S AT DT + β · N2

�
. (47)

The larger solution of this quadratic equation is:

S AT DT
right = α · λ · c

2κ2 +
√

α2 · λ2 · c2 − 4AC

2κ2 (48)

with,

AC = κ2 ·
�
λ − β · λ · c · N2 − s2 · Q2

step ·
�

T hc

�
.

Thus, we can get the left and right boundary of P-AZB as:

T hS AT DT < S AT DT <

�
S AT DT

right + 1

2

�
. (49)

Fig. 13. The RD curves comparison for BasketballDrive and BQMall.
(a) BasketballDrive LD. (b) BQMall RA.

Similarly, for the case S AT DT ≤ T hS AT DT , the smaller
solution of this quadratic equation is:

S AT DT
le f t = λ · c · (α + β · ϕ) − SQRT

2κ2 (50)

with,

SQRT = sqr t

⎛

⎝
λ2 · c2 · (α + β · ϕ)2 + 4κ2·

(s2 · Q2
step · c · T hc − λ)

⎞

⎠. (51)

Thus, the other limitation zone with left and right boundary
can be described as:�

S AT DT
le f t + 1

2

�
< S AT DT ≤ T hS AT DT . (52)

Therefore, the final P-AZB detection can be transferred to
detect whether the S AT DT is located in the range formulated
in Eq.(49) and Eq.(52).

D. AZB Detection Algorithm

The proposed AZB detection scheme with G-AZB and
P-AZB detection can be summarized in Algorithm 1:
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TABLE VII

PERFORMANCE EVALUATION OF THE PROPOSED AZB DETECTION METHOD

Algorithm 1 The Proposed AZB Detection Algorithm

IV. EXPERIMENTAL RESULTS

To validate the accuracy and efficiency of the scheme,
we implement it in HEVC reference software HM 16.9.
The performance of the proposed algorithm is evaluated based
on test sequences in HEVC common test conditions [40]
(Class A - Class F) under Random Access (RA) and Low
Delay B (LD) main profile configurations with QPs being 22,
27, 32 and 37. In this work, before showing the algorithm per-
formance, we evaluate the model parameters c and ρ. And then
the R-D performance and computational complexity of the
proposed scheme are presented, followed by the comparisons
with state-of-the-art methods in terms of R-D performance,
computational complexity and detection accuracy.

A. Model Parameters Evaluation

In this section, we firstly evaluate the parameters sensitivity
of c in Eq.(38) and Eq. (39), and the correlation coefficient ρ
in Eq.(21). The parameter c values for different TU sizes are

derived from off-line training process by fitting the relationship
between the RD cost and SAD for practical compressed video
sequences, which is introduced in [24] and [26], and we use
the same c values with them. The sensitivity of c regarding on
the accuracy of AZB detection method has also been verified
as shown in Fig.11. Table VI lists the explanations of the
criterions which are used to describe the detection accuracy.
When the c value becomes larger, there is a slight decrease on
FNR and increase on FPR, respectively, since c value has an
effect on the RDCostAZB. Larger c will reduce the RDCostAZB

and make more non-AZB blocks be detected as AZB resulting
in the FPR increase. Similarly, when c value is smaller, there
are many AZB blocks will be misclassified into non-AZB
resulting in FNR increase.

The parameter ρ denotes the correlation coefficient of adja-
cent two pixels. To explore the influence of the parameter ρ on
the coding performance, we have tested the transform coding
gain GT C for different transform kernels with different ρ.
The transform coding gain GT C is defined in [41] using the
following formulations:

GT C =
1
N

#N
i=1 σ 2

yii�
N

i=1σ
2
yii

�1/N
(53)

with,

σ 2
yii

= T CT T ,

where T means the transform matrix and C is the covariance
matrix of input signal. Fig.12 shows the transform coding
gain for three transform kernels at different parameter values
of ρ, from which we can see that the transform core using
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Fig. 14. The BTR under different QPs for BasketballDrive and BQSquare. (a) BasketballDrive RA. (b) BQSquare LD.

Fig. 15. The Detection Accuracy curves of proposed, Lee et al.’s and Fan et al.’s method for each TU size under RA configuration. (a) 4×4 and 8×8 (Traffic).
(b) 16 × 16 and 32 × 32 (Traffic). (c) 4 × 4 and 8 × 8 (BasketballPass). (d) 16 × 16 and 32 × 32 (BasketballPass).

sparse matrix times Hadamard matrix can obtain a similar
performance as DCT when ρ is great than 0.6.

B. RD Performance and Time Saving Evaluation

Table VII shows the experimental results of the proposed
scheme, where T Sq denotes the time saving of transform
and quantization including the corresponding inverse trans-
form and de-quantization, TAnchor_q and TPr oposed_q represent
time saving of anchor and proposed algorithm, respectively.
Similarly, T S is the total encoding time saving with TAnchor

and TPr oposed being the encoding time of anchor and proposed
method, respectively. In particular, T Sq and T S can be calcu-
lated by:

T Sq = TAnchor_q − TPr oposed_q

TAnchor_q
× 100%. (54)

T S = TAnchor − TPr oposed

TAnchor
× 100% (55)

From Table VII, we can see that if only G-AZB detection
method is used, only 4.67% to 5.21% time saving with about
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TABLE VIII

THE CODING PERFORMANCE COMPARISONS OF THE STATE-OF-THE-ART METHODS (LEE et al.’S [24] AND FAN et al.’S [26])

0.03%∼0.05% BD-rate degradation is achieved, which is very
limited to improve the coding efficiency, since the number
of G-AZB accounts for a very small proportion, especially
for larger TU size, i.e., 32×32, as shown in Fig. 2 (a)-(d).
In addition, the proposed G-AZB detection method aims to
find out all AZBs without RD consideration. If the G-AZB
detection method fails to classify current block as AZB, this
block will be checked by the following P-AZB detection
method as well. Therefore, the P-AZB detection method is
able to save up to 24.16% transform and quantization time
with less than 0.06% BD-BR increase. The overall time saving
T S are 4.01% and 5.18% for RA and LD configuration,
respectively.

To further validate our scheme, we illustrate the perfor-
mances of the state-of-the-art AZB detection methods pro-
posed by Lee et al. [24] and Fan et al. [26], and the
experimental results are shown in Table VIII. We can see that
Lee et al.’s method achieves 34.25% run-time saving while
leading to 0.43% RD performance degradation. For Fan et al.’s
method, it obtains 21.65% - 24.85% time saving on average
with up to 0.35% BDBR loss. In Fig.13, the RD curves of
BasketballDrive and BQMall have been illustrated for the
proposed, Lee et al.’s and Fan et al.’s methods. From curves
in Fig.13, we can see that the proposed method has achieved
a comparative RD performance with anchor (HM16.9), while
the results of Lee et al.’s and Fan et al.’s method are worse
than the anchor. Furthermore, to evaluate the trade-off between
RD performance and time saving, we introduce a metric BTR
(BDBR and Time saving Ratio) in Eq.(56) to verify the overall
performance of AZB detection methods.

BTR = BDBR

1 + T Sq
× 100%. (56)

The constant 1 is utilized to make 1+T Sq positive. Obviously,
the smaller the BTR is, the better the trade-off is. In Fig.14,
our method shows the smallest BTR under each QP compared
with Lee et al.’s and Fan et al.’s methods for the sequences
BasketballDrive and BQSquare. Note that the BDBR is the
result of four QPs (22, 27, 32 and 37), while T Sq in Fig.14 is
for each QP. In addition, more time saving is achieved in the
low bit-rate scenario compared with that of high bit-rate case
for all three methods since more all zero blocks and non-zero
blocks with only a few coefficients are generated when the QP
is larger.

C. Detection Accuracy Evaluation

In this section, we verify the performance in terms of the
detection rate and detection accuracy. The detection rates com-
parisons in terms of FNR and FPR are illustrated in Table IX,
in which the average values of all sequences under QP values
22, 27, 32, and 37 for each class and each TU type. From the
comparison results, we can see that the detection accuracy of
the proposed method is up to 95.5% on average when detecting
AZBs for 16×16 and 32×32 TUs. For the non-AZBs, only
5.8% to 6.5% non-AZBs have been misclassified by our
method into AZBs. By contrast, the detection error for non-
AZBs in [24] is only 5% on average, but that of AZBs reaches
up to 34.1%. Moreover, the detection errors both for AZBs and
non-AZBs in [26] are around 15%. To compare the detection
accuracy in detail, the overall detection accuracies (DA) of
different TU sizes for different QPs under RA configuration
are illustrated in Fig.15. We can see that the overall detection
accuracy is higher as QP becomes larger, because larger
QP results in detecting less AZBs. Our method achieves
the stable and higher overall detection accuracy compared
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TABLE IX

THE DETECTION ACCURACY COMPARISONS WITH THE STATE-OF-THE-ART METHODS (LEE et al.’S [24] AND FAN et al.’S [26])

with Lee et al.’s and Fan et al.’s methods for different TU
sizes. In Fig.15(a) and (c), Lee et al.’s method for 4×4 is
quite comparable with our method, but for the larger TU
sizes, e.g., 16×16 and 32×32, our detection algorithm is very
superior to Lee et al.’s and Fan et al.’s methods as shown
in Fig.15(b) and (d).

V. CONCLUSION

In this paper, an efficient AZB detection method with the
consideration of SDQ is proposed, and the scenarios that
may lead to zero coefficient blocks are adequately covered
by the G-AZB followed by P-AZB detection. In particu-
lar, the P-AZB detection follows the design philosophy of
RDOQ process, where maximum transform coefficient ampli-
tude and RDO with adaptive rate-distortion estimations are
employed. The experimental results show that the proposed
detection method is able to efficiently reduce the transform
and quantization time in the RDO procedure with ignorable
R-D performance degradation. Moreover, the detection accu-
racy of proposed method is quite competitive compared with
the state-of-the-art methods, especially for larger TU sizes,
i.e., 16×16 and 32×32.

REFERENCES

[1] G. J. Sullivan, J.-R. Ohm, W.-J. Han, and T. Wiegand, “Overview of the
high efficiency video coding (HEVC) standard,” IEEE Trans. Circuits
Syst. Video Technol., vol. 22, no. 12, pp. 1649–1668, Dec. 2012.

[2] T. Wiegand, G. J. Sullivan, G. Bjøntegaard, and A. Luthra, “Overview
of the H.264/AVC video coding standard,” IEEE Trans. Circuits Syst.
Video Technol., vol. 13, no. 7, pp. 560–576, Jul. 2003.

[3] V. Sze, M. Budagavi, and G. J. Sullivan, High Efficiency Video Cod-
ing (HEVC): Algorithms Architectures (Integrated Circuits and Systems).
New York, NY, USA: Springer, 2014, pp. 1–375.

[4] Z. Xuan, Y. Zhenghua, and Y. Songyu, “Method for detecting all-
zero DCT coefficients ahead of discrete cosine transformation and
quantisation,” Electron. Lett., vol. 34, no. 19, pp. 1839–1840, Sep. 1998.

[5] G. Song and X. Jiang, “All-zero block detection algorithm based on
quantitative parameters,” in Proc. 3rd Int. Conf. Syst. Sci., Eng. Design
Manuf. Informatization, vol. 2, Oct. 2012, pp. 296–299.

[6] J.-F. Yang, S.-C. Chang, and C.-Y. Chen, “Computation reduction for
motion search in low rate video coders,” IEEE Trans. Circuits Syst.
Video Technol., vol. 12, no. 10, pp. 948–951, Oct. 2002.

[7] D. Wu, K. P. Lim, T. K. Chiew, J. Y. Tham, and K. H. Goh, “An adaptive
thresholding technique for the detection of all-zeros blocks in H. 264,”
in Proc. IEEE Int. Conf. Image Process., vol. 5, Sep./Oct. 2007,
pp. V-329–V-332.

[8] G. Zhong, L. Lu, and N. Jiang, “Fast mode decision based on all-zero
block in H.264/AVC,” in Proc. 2nd Int. Conf. Digit. Manuf. Automat.,
Aug. 2011, pp. 535–538.

[9] Z. Xin and Z. Wei, “Fast inter prediction block mode decision approach
for H.264/AVC based on all-zero blocks detection,” in Proc. 8th Conf.
Ind. Electron. Appl. (ICIEA), Jun. 2013, pp. 896–899.

[10] H. Tang and H. Shi, “Fast mode decision algorithm for H.264/AVC based
on all-zero blocks predetermination,” in Proc. Int. Conf. Measuring
Technol. Mechatronics Autom., vol. 2, Apr. 2009, pp. 780–783.

[11] C. Zhu et al., “Multi-level low-complexity coefficient discarding scheme
for video encoder,” in Proc. IEEE Int. Symp. Circuits Syst. (ISCAS),
Jun. 2014, pp. 5–8.

[12] P.-T. Chiang and T. S. Chang, “Fast zero block detection and early CU
termination for HEVC video coding,” in Proc. IEEE Int. Symp. Circuits
Syst. (ISCAS), May 2013, pp. 1640–1643.



5000 IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 27, NO. 10, OCTOBER 2018

[13] H. Wang, H. Du, and J. Wu, “Predicting zero coefficients for high effi-
ciency video coding,” in Proc. IEEE Int. Conf. Multimedia Expo (ICME),
Jul. 2014, pp. 1–6.

[14] X. Ji, S. Kwong, D. Zhao, H. Wang, C.-C. J. Kuo, and Q. Dai, “Early
determination of zero-quantized 8×8 DCT Coefficients,” IEEE Trans.
Circuits Syst. Video Technol., vol. 19, no. 12, pp. 1755–1765, Dec. 2009.

[15] H. Wang, S. Kwong, and C. W. Kok, “Analytical model of zero quantized
DCT coefficients for video encoder optimization,” in Proc. IEEE Int.
Conf. Multimedia Expo, Jul. 2006, pp. 801–804.

[16] H. Wang, S. Kwong, and C.-W. Kok, “Efficient predictive model
of zero quantized DCT coefficients for fast video encoding,”
Image Vis. Comput., vol. 25, no. 6, pp. 922–933, 2007, doi:
10.1016/j.imavis.2006.07.007.

[17] Y. H. Moon, G. Y. Kim, and J. H. Kim, “An improved early detection
algorithm for all-zero blocks in H.264 video encoding,” IEEE Trans.
Circuits Syst. Video Technol., vol. 15, no. 8, pp. 1053–1057, Aug. 2005.

[18] H. Wang, S. Kwong, and C.-W. Kok, “Efficient prediction algorithm
of integer DCT coefficients for H.264/AVC optimization,” IEEE
Trans. Circuits Syst. Video Technol., vol. 16, no. 4, pp. 547–552,
Apr. 2006.

[19] Z. Xie, Y. Liu, J. Liu, and T. Yang, “A general method for detecting
all-zero blocks prior to DCT and quantization,” IEEE Trans. Circuits
Syst. Video Technol., vol. 17, no. 2, pp. 237–241, Feb. 2007.

[20] H. Wang and S. Kwong, “Hybrid model to detect zero quantized
DCT coefficients in H.264,” IEEE Trans. Multimedia, vol. 9, no. 4,
pp. 728–735, Jun. 2007.

[21] H. Wang, S. Kwong, and C.-W. Kok, “Effectively detecting all-zero
DCT blocks for H.264 optimization,” in Proc. Int. Conf. Image Process.,
Oct. 2006, pp. 1329–1332.

[22] H. Wang and S. Kwong, “Prediction of zero quantized DCT coefficients
in H.264/AVC using Hadamard transformed information,” IEEE Trans.
Circuits Syst. Video Technol., vol. 18, no. 4, pp. 510–515, Apr. 2008.

[23] Z. Liu, L. Li, Y. Song, S. Li, S. Goto, and T. Ikenaga, “Motion feature
and Hadamard coefficient-based fast multiple reference frame motion
estimation for H.264,” IEEE Trans. Circuits Syst. Video Technol., vol. 18,
no. 5, pp. 620–632, May 2008.

[24] K. Lee, H.-J. Lee, J. Kim, and Y. Choi, “A novel algorithm for zero
block detection in high efficiency video coding,” IEEE J. Sel. Topics
Signal Process., vol. 7, no. 6, pp. 1124–1134, Dec. 2013.

[25] H. Wang et al., “Early detection of all-zero 4×4 blocks in high efficiency
video coding,” J. Vis. Commun. Image Represent., vol. 25, no. 7,
pp. 1784–1790, 2014.

[26] H. Fan, R. Wang, L. Ding, X. Xie, H. Jia, and W. Gao, “Hybrid
zero block detection for high efficiency video coding,” IEEE Trans.
Multimedia, vol. 18, no. 3, pp. 537–543, Mar. 2016.

[27] B. Lee, J. Jung, and M. Kim, “An all-zero block detection scheme
for low-complexity HEVC encoders,” IEEE Trans. Multimedia, vol. 18,
no. 7, pp. 1257–1268, Jul. 2016.

[28] Q. Yu, X. Zhang, S. Wang, and S. Ma, “Early termination of coding unit
splitting for HEVC,” in Proc. Asia–Pacific Signal Inf. Process. Assoc.
Annu. Summit Conf. (APSIPA ASC), Dec. 2012, pp. 1–4.

[29] M. Xu, T. Li, Z. Wang, X. Deng, R. Yang, and Z. Guan. (2017).
“Reducing complexity of HEVC: A deep learning approach.” [Online].
Available: https://arxiv.org/abs/1710.01218

[30] H. Yin, H. Cai, and H. Lu, “A new all-zero block detection algorithm for
high efficiency video coding,” in Proc. Data Compress. Conf. (DCC),
Apr. 2017, p. 470.

[31] J. Cui, R. Xiong, F. Luo, S. Wang, and S. Ma, “An adaptive and low-
complexity all-zero block detection for HEVC encoder,” in Proc. IEEE
Int. Symp. Circuits Syst., vol. 2, May 2017, pp. 1–4.

[32] H. Kibeya, F. Belghith, M. A. B. Ayed, and N. Masmoudi, “Fast coding
unit selection and motion estimation algorithm based on early detection
of zero block quantified transform coefficients for high-efficiency video
coding standard,” IET Image Process., vol. 10, no. 5, pp. 371–380,
May 2016.

[33] S. Annadurai, Fundamentals of Digital Image Processing.
New York, NY, USA: Pearson, 2007.

[34] X. Zhang et al., “Low-rank-based nonlocal adaptive loop filter for
high-efficiency video compression,” IEEE Trans. Circuits Syst. Video
Technol., vol. 27, no. 10, pp. 2177–2188, Oct. 2016.

[35] H. Wang, S. Kwong, and C.-W. Kok, “Fast video coding based on
Gaussian model of DCT coefficients,” in Proc. IEEE Int. Symp. Circuits
Syst., May 2006, p. 4.

[36] I.-M. Pao and M.-T. Sun, “Modeling DCT coefficients for fast video
encoding,” IEEE Trans. Circuits Syst. Video Technol., vol. 9, no. 4,
pp. 608–616, Jun. 1999.

[37] X. Zhang, R. Xiong, W. Lin, S. Ma, J. Liu, and W. Gao, “Video compres-
sion artifact reduction via spatio-temporal multi-hypothesis prediction,”
IEEE Trans. Image Process., vol. 24, no. 12, pp. 6048–6061, Dec. 2015.

[38] J. Cui, S. Wang, S. Wang, X. Zhang, S. Ma, and W. Gao,
“Hybrid Laplace distribution-based low complexity rate-distortion opti-
mized quantization,” IEEE Trans. Image Process., vol. 26, no. 8,
pp. 3802–3816, Aug. 2017.

[39] T.-Y. Huang and H. H. Chen, “Efficient quantization based on rate–
distortion optimization for video coding,” IEEE Trans. Circuits Syst.
Video Technol., vol. 26, no. 6, pp. 1099–1106, Jun. 2016.

[40] F. Bossen, Common HM Test Conditions and Software Reference Con-
figurations, document JCTVC-F900, Joint Collaborative Team Video
Coding, 2011.

[41] A. K. Jain, Fundamentals of Digital Image Processing. Englewood
Cliffs, NJ, USA: Prentice-Hall, 1989.

Jing Cui received the B.S. degree from the Depart-
ment of Mechanical and Electronic Engineering,
Beijing Institute of Technology, in 2012, and the
M.S. degree in electrical computer engineering from
Seoul National University in 2016. She is currently
pursuing the Ph.D. degree with the Department of
Electrical and Computer Engineering, Peking Uni-
versity. Her research interests include data compres-
sion and image/video coding.

Ruiqin Xiong (M’08–SM’17) received the
B.S. degree in computer science from the
University of Science and Technology of China
in 2001 and the Ph.D. degree in computer science
from the Institute of Computing Technology,
Chinese Academy of Sciences, in 2007.

He was a Research Intern with Microsoft Research
Asia from 2002 to 2007 and a Senior Research
Associate with the University of New South Wales,
Australia, from 2007 to 2009. He joined the School
of Electronic Engineering and Computer Science,

Institute of Digital Media, Peking University, in 2010, where he is currently
a Professor.

He has published over 110 technical papers in referred international
journals and conferences. His research interests include statistical image
modeling, deep learning, image and video processing, compression, and
communications. He received the Best Student Paper Award at SPIE
Conference on Visual Communications and Image Processing 2005 and
the Best Paper Award at the IEEE Visual Communications and Image
Processing 2011. He was also a co-recipient of the Best Student Paper Award
at the IEEE Visual Communications and Image Processing 2017.

Xinfeng Zhang received the B.S. degree in com-
puter science from the Hebei University of Technol-
ogy, Tianjin, China, in 2007, and the Ph.D. degree
in computer science from the Institute of Com-
puting Technology, Chinese Academy of Sci-
ences, Beijing, China, in 2014. He is currently a
Research Fellow with the University of Southern
California, Los Angeles. His research interests
include image and video processing and image and
video compression.

Shiqi Wang received the B.S. degree in computer
science from the Harbin Institute of Technology
in 2008 and the Ph.D. degree in computer appli-
cation technology from Peking University in 2014.
From 2014 to 2016, he was a Post-Doctoral
Fellow with the Department of Electrical and Com-
puter Engineering, University of Waterloo, Waterloo,
Canada. From 2016 to 2017, he was with the Rapid-
Rich Object Search Laboratory, Nanyang Techno-
logical University, Singapore, as a Research Fellow.
He is currently an Assistant Professor with the

Department of Computer Science, City University of Hong Kong. He has
proposed over 30 technical proposals to ISO/MPEG, ITU-T, and AVS stan-
dards. His research interests include video compression, image/video quality
assessment, and image/video search and analysis.

http://dx.doi.org/10.1016/j.imavis.2006.07.007


CUI et al.: HYBRID ALL ZERO SOFT QUANTIZED BLOCK DETECTION FOR HEVC 5001

Shanshe Wang received the B.S. degree from the
Department of Mathematics, Heilongjiang Univer-
sity, Harbin, China, in 2004, the M.S. degree in com-
puter software and theory from Northeast Petro-
leum University, Daqing, China, in 2010, and the
Ph.D. degree in computer science from the Harbin
Institute of Technology. He currently holds a post-
doctoral position with Peking University. His current
research interests include video compression and
image and video quality assessment.

Siwei Ma (M’03–SM’12) received the B.S. degree
from Shandong Normal University, Jinan, China,
in 1999, and the Ph.D. degree in computer sci-
ence from the Institute of Computing Technol-
ogy, Chinese Academy of Sciences, Beijing, China,
in 2005. He held a post-doctoral position with
the University of Southern California, Los Ange-
les, CA, USA, from 2005 to 2007. He joined the
School of Electronics Engineering and Computer
Science, Institute of Digital Media, Peking Uni-
versity, Beijing, where he is currently a Professor.

He has authored over 200 technical articles in refereed journals and pro-
ceedings in image and video coding, video processing, video streaming, and
transmission. He is an Associate Editor of the IEEE TRANSACTIONS ON

CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY and the Journal of
Visual Communication and Image Representation.

Wen Gao (M’92–SM’05–F’09) received the
Ph.D. degree in electronics engineering from The
University of Tokyo, Japan, in 1991. He was a
Professor of computer science with the Harbin
Institute of Technology from 1991 to 1995, and
a Professor with the Institute of Computing
Technology, Chinese Academy of Sciences, from
1996 to 2006. He is currently a Professor of
computer science with Peking University, Beijing,
China. He has authored extensively, including five
books and over 600 technical articles in refereed

journals and conference proceedings in the areas of image processing, video
coding and communication, pattern recognition, multimedia information
retrieval, multimodal interface, and bioinformatics. He chaired a number
of prestigious international conferences on multimedia and video signal
processing, such as the IEEE ISCAS, ICME, and the ACM Multimedia,
and also served on the advisory and technical committees of numerous
professional organizations. He served or serves on the editorial board
for several journals, such as the IEEE TRANSACTIONS ON CIRCUITS

AND SYSTEMS FOR VIDEO TECHNOLOGY, the IEEE TRANSACTIONS

ON MULTIMEDIA, the IEEE TRANSACTIONS ON IMAGE PROCESSING,
the IEEE TRANSACTIONS ON AUTONOMOUS MENTAL DEVELOPMENT,
the Journal of Image Communications (EURASIP), and the Journal of
Visual Communication and Image Representation.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


