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ABSTRACT

In this paper, a new early detection algorithm for all-zero
DCT blocks in H.264 video encoding is proposed. We
have analyzed the properties of the DCT and quantization
in H.264. These analyses show that a great reduction in
the number of calculations can be achieved by
investigating the individual conditions for the frequency
components of (1,1), (1,3), (3,1), and (3,3). Based on
these facts, a more precise sufficient condition is proposed
by modifying the calculation order of the minimum SAD .
Simulation results show that the redundant DCT and Q
are efficiently removed without video-quality degradation.

1. INTRODUCTION

Video coding technology plays a key role in the
service of the various multimedia applications. Currently,
it is required to perform encoding with CPU or DSP in
order to meet the several requirements of wide
applications [1]. However, an enormous amount of
computations in the video encoding causes a problem.
Many researchers have studied fast motion estimation in
order to accelerate video encoding. As the calculations in
motion estimation are reduced, the computations required
for discrete cosine transform (DCT) and quantization (Q)
become more significant for fast encoding [2].

In a very low bit rate videophone application, all-zero
blocks of DCT coefficients are quite common [3]. DCT
and Q are not needed for the all-zero blocks if they can be
detected before DCT and Q. Thus, it is important to
develop the early detection for the all-zero blocks in order
to reduce the computations of DCT and Q. Xuan [3]
proposed an early detection method for all-zero block.
From a theoretical analysis, a sufficient condition under
which all DCT coefficients are simultaneously
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quantized into zero was suggested and checked for each
block. Sousa [4] theoretically derived a precise sufficient
condition and improved Xuan’s algorithm.

In this paper, the early detection for all-zero blocks in
video encoding is improved. We have theoretically
examined the properties of the DCT and Q in H.264 and
derived the sufficient condition under which each DCT
coefficient is quantized into zero. Based on this fact, a
more precise sufficient condition is proposed in this paper.
Simulation results show that the redundant DCT and Q
are efficiently removed without video-quality degradation.

2. CONVENTIONAL EARLY DETECTION
METHOD

In the H.264 standard [5], an integer DCT is used for
eliminating any mismatch problems between the encoder

and the decoder [6]. For a 4x4 block ¢*(x,y), its integer
transform can be defined as

E@,v) :iié” (x, 1)- [2.5 \gk(u) cos(sz+1 uﬂ)—‘ {25- \Ek(v) cos(ZJ;;—Jrl vn)w ,

x=0 y=0
where,

k(u), k(v) = /2 for uv=0 1)

=1 for otherwise

The [ 7] symbol in Eq. (I) denotes the rounding-off
operation. Given a DCT coefficient F(u,v) and a
quantization parameter (J,, the quantized DCT coefficient
E, (u,v,r,Qp) is described as

f+M(Q,%6,r)-|E, (u,v)
215+(Q[, /6) (2)

Eq (M,V, V, QP) = Sign{EI (M,V)}

Where % and f denote the modular operator and a
constant value, respectively. M(Q,%6,r) in Eq. (2)
indicates the quantization coefficient predefined for each
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frequency component. It is provided with a periodic table
formulated as follows:

13107
11916
10082
9362

[5243
4660
4194
3647
3355

| 2893

8066
7490
6554
5825
5243 8192
4559 7282 |

0 for (u,v) € {(L1),(13),(3,),(3.3)}

1 for (u,v) € {(0,1),(0,3),(1,0),(1,2),

(2.1),(2,3),(3,0), 3,2)}

2 for (u,v) € {(0,0),(0,2),(2,0),(2.2)}

M(Q,%6,7) =

3

where r=

From Eq. (1), Eq. (2), and Eq. (3), the following
inequality is easily obtained:

f+M(Qp%6,0)-4§3:§3:

e (x, )
x=0 y=0

51550, /6) 4)

‘Eq(u,v,r,QP)‘ <

If the upper bound of Eq. (4) is smaller than 1, all DCT
coefficients are simultaneously quantized into zero. Thus,
the sufficient condition of the conventional method is as
follows:

15+(Qp /6) 7

1 a©)
M(Q,%6,0) 4

s MU0 )

>3

x=0 y=0

e(i,f)(x’y)‘

Where Ts is a threshold of the conventional method.
The most left-hand-side term of Eq. (5) is easily
obtained from the minimum S4D (SAD_ ) in the motion

estimation. Let R(x,y) be a Lx N residual block and
¢"”(x,y) be located at (44,4 j) in the residual block. Then,

the SAD, . can be described as follows:

~

M

mm

e(i,j) (x’ y)‘ }

H
o

L/4-1 N/ 4-1 o
= sad 7 (6)

=0 j=0

i=0  j=0 x=0 y=0

£S5 x>

~
4;

From Eq. (5) and Eq. (6), it is seen that the all-zero
blocks can be detected before DCT and Q stage.

3. THE PROPOSED ALGORITHM

For a particular frequency component(73¢), let’s define
C,.(n¢) as the maximum value of the basis part in Eq.

(1). Then, it is formulated as
Con(1:6) =

ma:{ {2.5 . \gk(n) cos(zxgﬁLl 7]72')—‘ {2.5 . \gk(ﬁ COS(% g”)} Q)

By analyzing Eq. (7) for the 4x4 block, the C _ (1) can

be rewritten as follows:

0, for(1.6) ={1LD.(13),3.(33)}
1, for(12,6) ={01,03),(10),(12),
2D4(23,30.32)}
2, for(n,£)={00)02),(20),(2.2)
®)

(jmax(naé/) = C(}") :227’/ 5 where r=

Note that 7 has the value 0, 1, or 2 according to the
position of each frequency component.

Based on Eq. (2), Eq. (3), and Eq.(8), the upper bound
for each component can be formulated as follows:

f+C(r)-M(Q,%6,r)-sad "
215+(Q/6) (9)

E,(1.¢.7,0,)| <

From Eq. (9), the sufficient condition for each quantized
DCT coefficient becoming zero can be easily derived as

21540, 16) _ f 1
M(Q,%6,r) C(r)

a(0Q,)
C(r)-M(Q, %6,r)

sad") <

=T(r)
(10)

Where T(r) is the threshold of the frequency components

corresponding to the value of 7. From Eq. (10), it can be
seen that the individual sufficient conditions are grouped

into 3 classes depending on the values of sad"’” and T(r).
On the other hand, if the values of C(r)- M(Q,%6,7) in

Eq. (10) are carefully examined, the following inequality
is easily obtained:

C(2)-M(Q,%6,2) < C(1)- M(Q, %6,1) < C(0)- M(Q, %6,0)
(11

In addition, Eq. (12) is derived from Eq. (10) and Eq. (11).

T(0)<T(1)<T(2) (12)
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With Eq. (10) and Eq. (12), we can get the relationship of
sad™ and the thresholds T(0) , T(1) , and T(2). It is
summarized in Table 1.

Table 1. The relationship between sad” and T(r).

Modes Conditions The corresponding zero
frequency components
MO sad "7 < T(0) r=0,1,2
MI T(0) < sad™” <T(1) r=12
M2 T(1)<sad™ <T(2) r=
M3 T(2) <sad™ None

Note that we can get some information from Table 1.
For example, when the condition of M0 is compared to Eq.
(5), T(0) is equal to the Ts which is the threshold in
Sousa’s method. That is, the condition of mode MO is the
same as the conventional sufficient condition. In addition,
Table 1 shows that the quantized DCT coefficients
corresponding to » = 1 and 2 are already guaranteed to be
zero for mode MI1. It means that in the conventional
method, the all-zero blocks belonging to mode M1 are
treated as non-all-zero blocks. Therefore, if we can find a
special condition detecting the all-zero blocks in the mode,
a computational reduction will be achieved.

For the frequency components belonging to r=0, we
carefully examined \E,(u,v)\ and obtained the following

approximations :

[2.5 . \gk(n)cos% 7772')} {2.5 . \Ek(ﬁcos(% élﬂ')“

<4-sad™ -2-hs"’(12) for (7,$)=(11),(13)
<4-sad™ -2-hs""(03) for (17,£)=3)), (33)

3
where, hs“(p,q)= Z(
y=0

isﬂe(h])(x’y) .

x=0y=0

e(i~_/')(q,y)‘) (13)

¢ (p,y) +

According to Eq. (13), we can easily see that sad"’is
rewritten as Eq. (14):

sad"™) = 23:23:

x=0 y=0

£, y)‘ =hs""(0,3)+hs“(1,2) (14)

Note that additional computations are not required for
hs(0,3) and pet(1,2) if we modify the calculation
order of sad"”.

Based on Eq. (13) and Eq. (14), a new upper bound
can be derived for the 4 frequency components of »=0.

The following equation is the definition of the new upper
bound:

U, =4-sad™ -2-min s (03), hs"(1,2)}

(15)
Jor (,6)=(11),(1,3),(3.1),(3,3)

From Eq. (9) and Eq. (15), the following inequality can
easily be obtained:

f+UY -M(Q,%6,0) . f+Q0)-M(Q,%60)-sad"™”
215+<Q,, /6) - 215+(Q[,/6)

|E,.6.0.0,) <
(16)

This equation clearly shows that the new upper bound is
more precise than the conventional one. Based on the
derivation of Eq. (10), a new sufficient condition for
r=0 can be described as

min s (0,3), A" (1,2)}

sad"™ < T(0)+ 5

=T(0)+(A/2)
(17)

Note that the new threshold 7(0)+(1/2) determines the

frequency components of =0 to be quantized into zero.
Additionally, 7'(1) guarantees that the quantized DCT

coefficients for the frequency components of » =1and 2
become zero. Therefore, it is necessary to select the
minimum of 7(0)+(A/2) and T (1) as the threshold (7H)

of the sufficient condition for the all-zero blocks.

Based on the facts stated above, we propose an
improved early detection algorithm for H.264 video
encoding. For a given 4x4 block, the following steps are
applied in the proposed algorithm.

Step 1. Reading sad"” from the motion estimation stage.
Step 2. Comparing sad“”to T(1).
If sad"” is smaller than T'(1), going to Step 3.
Else performing DCT and Q.
Step 3. Comparing sad” to T(0).
If sad™” is smaller than T'(0), going to next block.
Else Calculating 4 and TH and going to Step 4.
Step 4. Comparing sad ™" to TH

If sad" is smaller than TH, going to next block.
Else performing DCT and Q.

4. SIMULATION RESULTS

In order to evaluate the performance of the proposed
algorithm, a simulation was performed with the H.264
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JM6.1 encoder. The several QCIF (176x144) sequences
were tested in this simulation. The frame rate was fixed at
10fps and the Q, was set to 28, 32, and 36. In addition, 5

reference frames were used for the motion estimation.

The proposed algorithm was compared to Sousa’s
algorithm in order to verify the improvement. Figure 1
shows the comparisons of the number of computations
between the proposed and Sousa’s algorithm.
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Fig. 1. Computational saving (CS) of the proposed algori-
thm compared to Sousa’s algorithm.

The CS in Fig. 1 denotes the computational saving ratio
by the proposed algorithm compared to the total
calculations required for Sousa’s method.

This graph demonstrates that the proposed method
achieves approximately an 11-30% computational saving
compared to Sousa’s method. It reveals that the proposed
algorithm effectively eliminates all-zero blocks which
were impossible to detect in Sousa’s algorithm. In
addition, the proposed method does not cause any
degradation of the quality.

5. CONCLUSIONS

In this paper, an improved early detection algorithm for
all-zero blocks in H.264 video encoding is proposed. We
have analyzed the properties of integer DCT and Q in
H.264 and derived the individual sufficient condition
under which each quantized DCT coefficient becomes
zero. Based on these theoretical analyses, a more precise
sufficient condition is proposed by modifying the
calculation order for the minimum SAD obtained in the
motion estimation.

From the simulation results, it is shown that the
proposed algorithm achieves approximately a 11-30%
computational saving compared to Sousa’s algorithm. It

means that the proposed algorithm efficiently removes all-
zero blocks which are not determined by Sousa’s
algorithm. Therefore, the proposed algorithm effectively
eliminates the redundant calculations for DCT and
quantization without video-quality degradation.
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