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Abstract--This paper proposes a low power deblocking filter
(DF) architecture with Horizontal Edge Skip Processing
Architecture (HESPA) scheme that offers an intelligent edge skip
aware mechanism in filtering the horizontal edges by adopting a
four-stage pipeline and adaptive hybrid filtering order to boost
the speed of DF process. The proposed architecture not only
reduces more than 34% logic power consumption measured in
FPGA but also saves the filtering processes down to 100 clock
cycles per macroblock (MB). The system throughput can easily
support 1080HD video format at 30 fps with 70MHz clock
frequency for low power and high definition video applications.
It is implemented on 0.18um standardized cell library, which
consumes only 19.8K gates at a clock frequency of 200 MHz.

I. INTRODUCTION

In H.264/AVC, deblocking filter (DF) within the motion
compensation is used to improve the blocking artifacts and
subjective views. DF can reduce the bit rate exceeding 9% and
achieves up to 0.5dB PSNR improvement [1]. However, DF
algorithm is highly adaptive and complex on the block edge
which requires a large amount of computation that
approximately contributes one third of the computational
complexity of an H.264 decoder [1]. Almost every sample of a
reconstructed frame needs to be reloaded from memory, either
to be modified or used to update intermediate samples.
According to the boundary strength (BS), DF can be divided
into two filtering modes. One is normal mode when BS equals
1, 2 or 3, and the other is stronger mode when BS=4. DF
adaptively filters the adjacent samples on 4x4 block edge for
both of luminance and chrominance based on BS and on the
gradient of image samples across the adjacent edge. If BS=0,
no filtering operation is needed.

II. PROPOSED ARCHITECTURE

Figure 1 illustrates the block diagram of our proposed DF
architecture. The four-stage pipeline filter manages pixel
loading, calculations of the threshold wvalues, clipping
functions and pixels filtering, all in the 1-D edge filtering. The
required internal memory resources including Left and Upper
Neighbor SRAM, Transposition Buffers, and Left Neighbor
Buffer are used to store pixels on the top and left boundary of
MB or intermediate filtering samples. Each Transposition
Buffer consists of 16 samples (4x4 pixels) either transposing
the pixels from row to column or storing temporally filtered
data. The Read and Write process are accessed by Memory
Control Logics. The DF selects input data produced by these
memory blocks according to MB and edge filtering order. The
proposed hybrid edge filter order filters vertical and horizontal
edges in a mixed pattern as shown in Fig. 2. This filtering
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order does not affect the data dependence in original H.264
and can perform edge filtering on an MB without stall cycles.
The total cycles for filtering an MB are 196.

In addition, we propose an intelligent filtering scheme,
Horizontal Edge Skip Processing Architecture (HESPA), to
skip the unnecessary horizontal edges. The proposed HESPA
is applied on the horizontal edges with BS=0 or the edges
which are on the top boundary to deactivate DF execution. In
order to realize HESPA, functional blocks including Left
Neighbor Buffer, Finite State Machine (FSM) for Left
Neighbor SRAM Read/Write, and some other control logics
are implemented as shown in Fig. 3.
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Fig. 1. Block diagram of the proposed DF architecture.
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Fig. 2. Proposed hybrid filtering order.
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Fig. 3. Proposed FSM for HESPA architecture.
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III. PERFORMANCE EVALUATION

The proposed DF hardware architecture is verified with
Verilog RTL simulations and the results are conformed to
JM15.1 reference software. The Verilog code is then
synthesized to Xilinx XC2V8000 Virtex II device. The power
consumptions for signal, logic and clock categories of our DF
hardware implementations on FPGA are then estimated by
using Xilinx ISE 8.2i XPower tool. We take our power
estimation with Parlak’s work [5] for fair comparisons and
both of them are under the same experimental conditions
(Clock rate at 50 MHz and both use block selectRAMs for
internal memory). Table I lists the power comparisons of our
design with [5], which has two different hardware
architectures. It clearly shows that our proposed DF consumes
less power than [5] in all categories. Also, in Parlak’s
architecture, 5248/5376 processing cycles are required to filter
an MB. In our scheme, only 100-196 cycles/MB are required.
The possible reason is that [5] adopted 8-bits data bus to
access each pixel while our design utilized 32-bits wide data
bus to access 4 pixels each time.

TABLE I
POWER ESTIMATION COMPARISONS WITH [5]

Category| [5]DBF_4x4 HW | [S5]DBF_16x16 HW | Proposed | Reduction
Clock 56.37 mW 50.36 mW 46.63 mW | 3.73 mW
Logic 145.65 mW 52.47 mW 21.10 mW | 31.37 mW
Signal 83.56 mW 79.39 mW 63.80 mW | 15.59 mW
Total 285.58 mW 182.22 mW 131.53 mW| 50.69 mW

DF uses BS to determine the appropriate strength of the
filter applied on the edge. The percentage for BS=0 in P
frames from our simulation results occupies the most portions
of the distributions. When BS=0, filtering processes can be
skipped and saved. The proposed HESPA takes this advantage
of this fact and benefit from its property. Table II lists three
categories of power estimation and compares the power
reduction between HESPA being on and HESPA being off.
Our proposed HESPA can save up to one-third (34%) power
consumption in Logic and Signal and thus can speed up DF
processing significantly.

Our DF hardware performance is also evaluated by
comparing with various state-of-the-art designs. As shown in
Table III, our design requires less Transposition Buffers and
fewer gate counts than [3] which has the similar design
approach with ours. Although our design requires more
processing cycles than [4], we can save more gate counts and
Transposition Buffer usages comparing with [4]. That is
because Tobajas et al. [4] proposes a double filter with two
identical filtering units opposing to our 1-D filtering strategy.
Moreover, our proposed HESPA can achieve only 100 cycles
per MB in the best case, which even outperforms the 2-D
architecture in [4] (110 cycles). Our design consumes 19.8 K
gates at a clock frequency of 200 MHz under SMIC 0.18um
standard cell library. The hardware cost of our proposed
scheme is very competitive compared with other state-of-the-
art literatures using 1-D filtering architecture.

TABLE 11
POWER COMPARISONS BETWEEN HESPA ON/OFF
Sequence 100 frames of Forman QCIF
Category HESPA OFF HESPA ON Reduction
Clock 46.63 mW 46.63 mW 0
Logic 21.10 mW 13.90 mW 34.12%
Signal 63.80 mW 42.04 mW 34.11%
Whole FPGA 624.36 mW 579.08 mW 7.25%
TABLE III
COMPARISONS WITH STATE-OF-THE-ART LITERATURES
Proce
Filter 1-D/ |Processing| RAM .__|Transpose Gate | ssing
Ref Pipeline | 2-D Order type RAM size Buffer(4x4) Tech Count |cycles
/MB
[2] | on- | qp |sequential| two- |, g0 a) 4 025 | 55 66k | 614
pipeline basic port um
5-stage . single [2x96x32 / 0.18
[3] pipeline 1-D hybrid port | 2Nx32 7 um |21-492k| 204
4 | 55ta%e | op | hybria |59 gaxaz 8 018 | 1> k(%) | 110
pipeline -port um
non- . two- 5248
5] pipeline 1-D hybrid port 1792x8 none FPGA| 5.3k(*) 15376
61 | " | 4p | hybrid | ™| 16x32 2 025 | 43 41k | 300
pipeline port um
prop | 4-stage . e two- 0.18 | 19.8k | 100
osed | pipeline | 10 | hvbrid | ¢ | 384x32 9 um |19.9k()| ~196

NOTE: (*) GATE COUNT EXCLUDING ITS TRANSPOSITION BUFFER.

IV. CONCLUSIONS

This work proposes a low power DF architecture in
H.264/AVC. The proposed HESPA offers an intelligent edge
skip aware mechanism in filtering horizontal edges. The
contribution of this work is to propose an efficient DF
hardware architecture that can adaptively reduce power
consumption up to 34% for the P frame of QCIF video
sequence and saves the filtering orders up to 100 clock cycles
per MB. The gate count is only 19.8K with 0.18um cell
library. The proposed edge filtering order, together with the
proposed four-stage pipeline and memory update scheme, help
to reduce required memory bandwidth and raise our
throughput to real-time filtering for 1080HD video at 30 fps
with a 70MHz clock frequency.
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