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Parallelization of intra prediction algorithm based on array processor
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Abstract

For the characteristics of intra prediction algorithms, the data dependence and parallelism be-

tween intra prediction models are first analyzed. This paper proposes a parallelization method based

on dynamic reconfigurable array processors provided by the project team, and uses data level parallel

(DLP) algorithms in multi-core units. The experimental results show that Y-component of peak sig-
nal to noise ratio ( Y-PSNR) is improved about 10dB and the time is saved 63% compared with
high-efficiency video coding (HEVC) test model HM10. 0. This method can effectively reduce co-
dec time of the video and reduce computational complexity.
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0 Introduction

With the development of multimedia technology
and the demand for video quality, the Video Joint Cod-
ing Task Force (JCT-VC) began to develop high-effi-
ciency video coding (HEVC) standards in 2010 ',
Compared with H. 264, HEVC saves 50% bit rate at
the same image quality. However, the computational
complexity of HEVC has increased more than three
times, and requires a large amount of data transmis-
sion. Therefore, how to optimize HEVC effectively is
the focus of research.

Many experts and scholars have proposed various
optimization solutions. With the combination of the
transform domain edge detection method and mode
search steps at the neighborhood, Ting and Chang'*'
could reduce the probable modes significantly. Kim et
al. ! analyzed the correlation between coding unit
(CU) and transform unit (TU), and simplified the
CU quadtree partitioning, which could effectively re-
duce the coding complexity. In Ref. [4 ], the efficien-
cy of intra-coding was proposed to reduce the number
of prediction patterns according to the distribution char-

! proposed a

acteristics of CU pixels. Jiang et al.
method which also took the advantage of Bayesian deci-

sion to obtain thresholds, by which early CU pruning

could be determined. Some fast algorithm'® was at the
expense of a certain degree of calculation accuracy and
video quality of the case, reducing the coding time,
and improving the efficiency of computing. The fast al-
gorithm made accurate prediction by heuristically re-
ducing the number of candidates for rate distortion opti-

71 According to different

mization ( RDO ) process
scene requirements to choose a different fast algorithm
you should carefully analyze the characteristics of the
video image before selecting the algorithm, e. g. block
segmentation optimization algorithm for low-resolution
video images and the fast selection algorithm for high-
resolution video images, so that various algorithms
would play their own advantages as much as possible.
With the development of multi-core computing architec-
ture, parallel coding is an effective solution to achieve
197 Due to

the natural parallelism of the hardware platform, it has

high computational complexity of encoders'

the advantages of low design cost and low power con-
sumption. A novel hardware solution that reduces the
complexity of DMMs for 3DHEVC was presented in
Ref. [11]. The parallel design of the intra prediction
on the parallel platform is an effective means to im-
prove the efficiency of video coding and meet the real-

time coding''>""*!. This paper uses the array processor
provided by the project team as a platform to study the

parallel model from the forecasting model.
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1 Related work
At present, the implementation of the encoder
platform is the following two: general-purpose proces-

sor and hardware accelerator. However, the general
processor has insufficient support for computationally
intensive programs, and hardware accelerators are less
flexible in handling. In this paper, the dynamic recon-
figurable array processor is parallel to implementation

of intra prediction algorithm.

veloped by the project team. It supports H. 264/AVC,
MVC, H.265/HEVC and other video codec, including
different profiles and levels. The processor is composed
of the 1 024 PEs in the form of adjacent interconnec-
tion, only 8 x8 PEs is shown in Fig. 1, including a hi-
erarchical configuration network (HCN) , a global con-
troller, and other parts. The size of each PE instruc-
tion and data sharing storage can be adjusted dynami-
cally. The array processor divides 4 x4 PEs into a pro-
cessing cluster (PEG) logically. The PE has a data-
flow mode which is enabled or disabled by the control

flow coming from HCN and deriving from global con-

1.1 Array processor simulation platform troller.
The dynamic reconfigurable array processor is de-
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Fig.1 Top structure of array processor

Each PE contains 16 registers, including 12 local
registers and 4 shared registers. One of the data inter-
action methods adopted by PEG is the adjacency inter-
connection structure. PE can access each other by
shared register and PE in four directions. The four di-
rections include shared registers RE, RW, RS and RN
respectively, as shown in Fig. 2. There are two ways of
data interaction between PEs. Mode 1 is shown in the
dashed arrow, and mode 2 is shown in the solid arrow.
Mode 1 is used to send data from the local registers

R3, R4, RS, and R6 directly to the execution units of

the neighboring processing units as the source opera-

tions. Mode 2 that is the transfer of data from local PE
to adjacent registers R3, R4, R5 and R6 through
shared register RE, RS, RW and RN, and the data
from the corresponding register is operated in the sub-
sequent processing.

Another kind of data interaction is the distributed
shared storage structure under the unified addressing
mode, and the data exchange in PEG can also be real-
ized through the high speed switching unit. The follow-
ing intra prediction parallel implementation has used
these two kinds of data interactive modes.
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Fig.2 Adjacent interconnection in PEG

1.2 Intra prediction parallelism analysis

HEVC provides a flexible quadtree division for in-
tra prediction blocks, including coding tree units
(CTU), coding units (CU) , and predict units (PU).
Each frame image is first divided into non-overlapping
parallel CTUs, which can be recursively partitioned in-
to smaller CUs by means of quadiree segmentation
structures. The PU is the basic unit for carrying the in-
tra prediction information. In Fig.3(a), the arrowed
dashed line indicates the order in which coding units
Fig. 3(b)

quadiree structure, where “1” indicates downward de-

are traverses. shows the corresponding

composition, and “0” indicates no decomposition. The
“1”7 and “0” sequences of “10001010” represent the
quadtree structure of the coding tree unit. It is worth
noting that when the size of the coding unit is minimum
8 x 8, it is not necessary to use “1” or “0” to indicate
whether to continue the decomposition. Because the
data processing in the video algorithm is basically per-
formed with N x N rectangular blocks, this array pro-
cessor architecture is more suitable and more effective.
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Fig.3 Coding tree unit

HEVC provides up to 35 predictive patterns which
are 33 angle mode, DC mode and Planar mode, as

shown in Fig.4. By increasing the number of predic-
tion directions, the prediction direction of intra predic-
tion is finer and more accurate, and the spatial redun-
dancy can be removed more effectively. The angle is
small where the angle approaches the horizontal left, or
vertical upward direction, the angle is large where it is
near the diagonal direction. The numbers in Fig. 4 in-
dicate the mode number corresponding to each predic-
tion direction. Letter H is used to represent the hori-
zontal axis and the following numbers represent that the
projections are offset from the horizontal. V is used to
indicate the vertical axis; the following number indi-
cates the deviation of the predicted direction from the
vertical upward direction.
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Fig.4 Intra prediction patterns

The fine-angle prediction mode makes prediction
more accurate, thereby reducing transform-coded pre-
diction residuals. These processes have improved the
quality of video coding, but the computational com-
plexity and resource consumption cannot be ignored.
The prediction mode in intra prediction has a certain
probability, and not all prediction modes are the opti-
mal prediction modes.

This paper analyzes and compares the results of
CU segmentation and mode selection for different test
sequences. The statistical results are shown in Fig. 5
and Fig. 6. It can be seen that in the process of mode
selection, DC, Planar and some angle modes occupy a
large proportion. Therefore, DC, Planar, Ang-26
(Vertical ) , Ang-22, Ang-20, Ang-18, Ang-10 (Hor-
izontal ) , and Ang-2 were selected as the prediction mode
to determine the optimal mode. This paper chooses 8 x 8
block as an example to describe the design idea.



HIGH TECHNOLOGY LETTERSI Vol. 25 No. 1 |Mar. 2019 77
120 800
100 700
30 600
. 8500
-E & 400

40 =

300
20 200
S D Ll w0

RS RE L EPEEEEEEEEE PEEEREEL! ol L e Lt LELERRLE R R ]y Al

3 <ddcgdqqpppppap PR AR Y L UNMENORNOOANMIN 0NN OANMINOND OO N Mg

o CLLLLLLLLLLLLLLLLLLLLLLLA gD"'“'.babb}.&ﬂ-—lﬂﬂﬂﬂﬂﬂﬂﬂNNNNNNNNNNmmmmm

Fis.5 176 x 144 intra predicti de ch: I A I R R I I R IR IR SR )

1g. X Intra prediction mode chart = AR R R R R R R R R R R R R R R L L

Fig.6 832 x480 intra prediction mode chart

storage.

2 Intra prediction parallelization scheme

Fig. 7(a) shows a parallelization scheme for pro-
cessing 8 x 8 prediction blocks using the PE array.
DIM is a data buffer for caching video sources. The
hollow arrows indicate that the data communicates in
the adjacent interconnection. Virtual arrows and real
arrows indicate that the data is accessed using shared

Firstly, each frame image is divided into 8 x 8
blocks from the cache, and then 8 x8 blocks are allo-
cated to the corresponding processing unit, and each
processing unit performs a mode process. When all
predictions are completed, the optimal prediction mod-
el is calculated and passed to the next level. The data
flow diagram is shown in Fig. 7(b).
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(b) Data flow diagram

Intra prediction algorithm mapping and data flow
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The process of mapping the intra prediction algo-
rithm to the PE array is as follows.

Step 1 Data loading

PEOO accesses DIM through adjacent interconnec-
tion of register R10, reading the corresponding original
pixel and reference pixel. Each encoded block needs to
read 97 pixel values, as shown in Fig. 8. The 64 pixels
in the gray rectangle are original values and the 33 pix-
els in the black box are reference values. The order of
data loading is first the current block proceeds from left

to right, top to bottom, followed by the reference pix-
els. Tt could first load the reference pixel (named P
[ -1][ =1]) above the current block, as shown in
Fig.9. The problem of edge blocks needs to be consid-
ered because there are no reference pixel blocks around
the edge blocks. According to the interpolation method
in the HEVC standard, the reference pixel of the edge
blocks is set to 128. For the middle blocks, left up-
per, top and left sides of the current blocks are their
reference blocks.
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Fig.8 Storage sketch of video sequence in DIM
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Step 2 Data Distribution

PEOO needs to assign these values to different PEs
after reading pixel values. In order to reduce time con-
sumption and improve efficiency,the choice of distribu-
tion mode is shared storage.

Step 3 Parallel prediction

Fig.7(a) shows that each PE performs a different
prediction processing mode. The current block pixels is
stored in 0 — 63 address of each PE data memory,
whose storage order is from top to bottom and from left
to right. The top and upper left pixels of the current

block are stored in 64 — 80 address. The left pixels of
current block are stored in 81 —96 address. Some pre-
dictive models may produce discontinuous pixel-level
faults at block boundary after prediction, especially for
horizontal and vertical models in DC and angle predic-
tion. The parallel processing of these prediction models
is described below.

Planar mode ; The horizontal component prediction
is carried out firstly. The data is loaded into PE13 from
eight left side of a column reference pixels and the up-
per right reference (named P[N][ — 1]), and then
implemented (N — x) x P[0][y] +1) x P[N][ -
1]. Secondly, the vertical component prediction is
performed (N - y) x P[O][y] + (y +1) x P[ -
1 ][ N] from the eight top row reference pixels and the
lower left reference ( named P[ — 1][N]). Finally,
the horizontal component, vertical component and 8 are
plused, and then right shift 4 bits, the overall predic-
tion is made.

DC mode: First, PE11 reads the left and top ref-
erence pixels of current block from the data memory
and calculates an average denoted dcValue. Next, pix-
el P[O][0] applies a three-tap [1 2 1]/4 smoot-
hing filter to do P[ —=1][0] +2 xdcValue + P[0][ -
1] +2) > >2 operation. Then, the first line predic-
tion is completed by execution (P[x] [0] + 3 x
dcValue +2) and 1 <x < N — 1. The first column pre-
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diction is completed by execution (P[0][y] +3 x
dcValue +2) > >2 and 1 < y < N - 1. Finally, the
remaining pixels are all predicted using dcValue.

Horizontal mode: PEO1 reads eight left column
reference pixels from the data memory. Proceed to the
right in the horizontal direction until the prediction of 8
pixels per line is completed. The post-processing of the
horizontal mode is required according to Eq. (1).

Plx][0] = P[«][0] + (P[«][ - 1]

-PL-11[-1]>>1) (1)

Vertical mode: PEO2 reads the top 8 reference
pixels without the upper left pixel from the data memo-
ry. Predictions are performed in a vertical sequence
until 8 pixels per column are completed. The post-pro-
cessing of the vertical mode is carried out according to
Eq. (2).

PLOJ[y] = P[OJ[y] + (P[-1][y]

-P[-1][-1] >>1)
Step 4 SAD calculation
PEO3 calculate the SAD value according to Eq. (3),

where S, is the original pixel value, S is the predicted

(2)

value, ¢ or j is equal respectively from 0 to N — 1.
SAD(L’ ]) = 2 i | SA<I:’ .]) - SB(i’ ]) |
(3)
Step 5 Mode selection
Each predictive model passes the respective SAD
values to PEO3 through shared storage, and then the
optimal prediction mode will be selected by judging
SAD. According to the optimal prediction model, the

residual value is passed to the next stage ( transform /
quantization algorithm) by adjacent interconnection.

So far, the implementation of intra prediction al-
gorithm in video coding has been completed. The full
video encoder also needs other members of the project
team to coordinate the implementation of other algo-
rithms.

3 Experimental results

To make it easier to verify the video array proces-
sor, the working group developed a simulation plat-
form. It is built on the Questasim platform and uses the
system-level modeling language System C and HDL
language simulation software, which includes assemb-
ler, tools, debugging modules and other parts. It could
display the PE clock period, PE operation of the regis-
ter information, memory information provided by
Questasim. It is used to verify the correctness of the
video parallel algorithm design scheme, and the basic
functions of the software.

To evaluate the proposed intra prediction parallel-
ism, five test sequences with different resolutions but
the same QP are compared, as shown in Table 1.
Compared to the HM10. 0 with ‘ All Intra’ configura-
tion, the Y-PSNR is improved about 10dB and the time
is saved about 63% . Compared with the Ref. [14],
the time is saved about 50% .

Table 1 Comparison of coding time and Y-PSNR
HM10.0 Ref. [ 14] This paper
Sequences - - -
Y-PSNR(dB) Time(ms) Time(ms) Y-PSNR(dB) Time(ms)
Traffic
2560 x 1600 63.68 28948.25 15684. 16 74.21 7237.06
Kimonol 65.57 15927 8629. 25 74.58 3981.75
1920 x 1080 ’ ’ ’ ’
Basket ball Drill Text
230 x 480 65.71 2989 1619.44 75.73 747.25
Race Horses
416 x 240 63.61 685.75 371.54 74.12 171.44
Carphone_qcif
176 x 144 35.41 85.13 46.12 45.45 16.76
Average 58.80 6541. 63 5270. 10 68.82 2430. 85

The project group uses the dynamic reconfigurable
array processor to perform the function simulation of the
intra-frame coding of the test sequence carphone_qcif.
yuv. The video screenshot is shown in Fig. 10. From
the image quality point of view, the encoding results of
array processor (as shown in Fig.10(b)) are much

better than the HM10. 0 encoding results (as shown in
Fig.10(a) ).

The project team implements HEVC intra-frame
coding based on array processors, and uses assembly
modules to improve and optimize key computation-in-
tensive key algorithm modules, which not only im-
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proves overall coding efficiency, but also improves vid-
eo image quality. Since each key module (including
intra prediction, deblocking filtering, quantization
transformation, inverse quantization inverse transforma-
tion, etc. ) is optimized, the encoded pixel value is
very close to the original video pixel value, and the de-
viation is small, so the overall video quality is im-

proved.

(b) Array processor encoding

(a) HM10.0 encoding
Fig.10 Coded image comparison

4 Conclusion

Through the analysis and statistics of the intra pre-
diction, 8 kinds prediction models with higher proba-
bility are selected. In this paper, using a dynamic
reconfigurable array processor, each PE handles one
prediction mode, and the prediction calculations among
the 8 modes are independent of each other. The pre-
diction of each pixel does not affect each other. The
problem of predict mode calculation and pixel point
calculation waiting in serial mode is solved, so that
multiple modes can be processed in parallel when pro-
cessing one mode. This parallel scheme greatly saves
the time required for data loading and mode prediction
when a single processing unit is serially implemented,
and improves computational efficiency and resource uti-
lization.
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