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A novel parallel VLSI architecture is proposed in order to improve the performance 

of the H.265/HEVC deblocking filter. The overall computation is pipelined, and a new 
parallel-zigzag processing order is introduced to achieve high throughput. The pro-
cessing order of the filter is efficiently rearranged to process the horizontal edges and 
vertical edges at the same time. The proposed H.265/HEVC deblocking filter architec-
ture improves the parallelism by dissolving the data dependency between the adjacent 
filtering operations. Our design is also compatible with H.264/AVC. Experimental re-
sults demonstrate that our architecture shows the best performance compared with other 
architectures known so far at the expense of the slightly increased gate count. We im-
prove the performance by 52.3%, while the area is increased by 25.8% compared with 
the previously known best architecture for H.264/AVC. The operating clock frequency 
of our design is 226 MHz in TSMC LVT 65 process. The proposed design delivers the 
performance to process 1080p HD at 60 fps.  
 
Keywords: video compression, H.265/HEVC, deblocking filter, VLSI design. 
 
 

1. INTRODUCTION 
 

International Telecommunication Union (ITU) introduced a new H.265 video com-
pression standard for high definition and ultra-high definition applications [1]. H.265, 
known as High Efficiency Video Coding (HEVC), is expected to be more efficient than 
its predecessor H.264/AVC. The compression performance of H.265/HEVC is twice as 
high as that of H.264/AVC at the expense of increased computational complexity. More-
over, H.265/HEVC improves the algorithm to support parallel processing more easily.  

The deblocking filter of H.265/HEVC or H.264/AVC plays an important role in the 
video coding system. Fig. 1 shows the operation of H.265/HEVC encoder. The 
deblocking filter reduces the blocking artifacts occurring from the quantization of trans-
form coefficients and the block-based motion compensation. The data dependency in 
H.264/AVC limits the parallelism of the design [2-4]. H.265/HEVC improves the paral-
lelism by removing the data dependency between the adjacent filtering operations [5]. 
The crucial point when designing the deblocking filter is to decide whether to filter or not, 
in addition to the strength of the filter to be applied. If the filtering is decided, it is ap-
plied to each edge of the blocks. The detailed algorithm of the deblocking filter is pre-
sented in the H.265/HEVC standard specification [6]. Several deblocking filter architec-
tures have been tried to break the sequential order in H.264/AVC [7-9]. However, these 
architectures are still limited by the data dependency, and the degree of parallelism is 
very low. The issues for parallel processing have always been challenges in the 
deblocking filter design in recent years. 
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Herein, we propose a high-throughput parallel architecture for the H.265/HEVC 

deblocking filter based on a parallel-zigzag processing order. The proposed architecture 
also supports the H.264/AVC deblocking filter. The parallel filter architecture simulta-
neously performs both horizontal and vertical filter operations. We focus on the im-
provement of the processing time and operating clock frequency. Since the deblocking 
filter is one of the most computationally demanding parts of the video codec, our work 
affects the improvement of the performance of the entire video codec. 

This paper is organized as follows. In Section 2, the related works are introduced. In 
Section 3, the proposed algorithm and architecture are explained in detail. In Section 4, 
experimental results are provided. Finally, section 5 concludes the paper. 

2. RELATED WORKS 

In H.265/HEVC, each frame is divided into Coding Tree Units (CTUs). Each CTU 
usually consists of three blocks, namely luminance block (Y) and two chrominance 
blocks (Cr and Cb), and associated syntax elements. Each block is called Coding Tree 
Block (CTB). The CTB can be split into multiple coding blocks and the size of coding 
blocks may be various, for example 8x8, 16x16, 32x32 or 64x64 [10]. In this paper, we 
consider the case of a 32x32 luminance coding block and two 16x16 chrominance coding 
blocks for illustration. In H.265/HEVC, the deblocking filter is applied on the 8x8 coding 
blocks instead of 4x4 blocks as in H.264/AVC. Fig. 2 shows the horizontal edges and the 
vertical edges between adjacent 8x8 blocks of the 32x32 coding block. 

 

Fig. 1. Block diagram of H.265/HEVC video encoder 
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The deblocking filter performs the filtering operation on the horizontal and vertical 

edges between the adjacent 8x8 blocks. The deblocking filter in H.265/HEVC is applied 
on the four-pixel length of each 8x8 block boundary. In Fig. 2, for instance, two block 
edges need to be filtered. The pixels p3, p2, p1, and p0 of block B5 and the pixels q7, q6, 
q5, and q4 of block B6 are filtered for the vertical block edge 1. The pixels q3, q2, q1, 
and q0 of block B6 and the pixels r7, r6, r5, and r4 of block B7 are filtered for the verti-
cal block edge 2. There is no data dependency between the horizontal filtering of the 
block edge 1 and 2. Therefore, the filtering of the block edge 1 and 2 can be performed in 
parallel to reduce the processing time. Note that sequential dependency exists between 
the filterings of the block edge 1 and the block edge 2 for H.264/AVC since the block 
size is 4x4 and the filter length is eight. This is the major difference between the 
deblocking filters of H.264/AVC and H.265/HEVC. More parallelism can be achieved 
for H.265/HEVC deblocking filter. 

The filtering operation in H.264/AVC is always done from left to right and from top 
to bottom. Chrominance blocks are filtered in a similar order of the luminance block. 
According to the above rule, several processing orders are proposed as shown in Fig. 3. 
The basic deblocking filter processing order is presented in Fig. 3a [7]. There are 48 
edges, including luminance and chrominance blocks, filtered in the order shown in Fig. 
3a. The filtering operation begins at the vertical edge 1 which is between two adjacent 
4x4 luminance blocks E1 and B1. Because the filtered pixels on which the vertical filter 
operation is performed are used for the horizontal filtering later, these values can be 
stored in the on-chip SRAM. Hence, the size of the on-chip SRAM and the access time 
increase substantially. In order to save the size of the on-chip SRAM, more advanced 

Fig. 2. Horizontal and vertical edges between adjacent 8x8 blocks of the 32x32 lumi-
nance coding block. 
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filter processing order has been tried as shown in Fig. 3b [11]. The filtering order is rear-
ranged in a way that the 4x4 block is directly fed into the horizontal edges after filtering 
the vertical edges (horizontal filters 1, 2 and vertical filter 3) without being stored in the 
on-chip SRAM. Thus, the memory is reduced to one third of that required for the basic 
deblocking filter processing order shown in Fig. 3a. 

Based on the processing order, several different H.264/AVC deblocking filter ar-
chitectures have been presented. Huang [7] used a shift array to support both the hori-
zontal filter and vertical filter on a same circuit. However, this method is basically se-
quential, and the proposed parallel method was not demonstrated clearly. Vijay [8] 
showed how the algorithm could be modified to process multiple consecutive edges at the 
same time. Nevertheless, the detailed architecture and the experimental results were not 
clearly provided. Chen [9] proposed a new processing order with area-efficient VLSI 
architecture which simultaneously processed the horizontal filtering of vertical edges and 
the vertical filtering of horizontal edges. Their major idea is to reduce the number of 
memory accesses. However, the processing time of the design is still relatively high. 
Therefore, it is not suitable for the large resolution video applications such as HD or 
UHD. In this paper, we propose a parallel deblocking filter architecture to overcome the-
se disadvantages. In the next section, our proposed architecture is explained in detail. 

3. THE PROPOSED ARCHITECTURE 

3.1 Proposed Parallel-Zigzag Processing Order 
 

In H.265/HEVC, the vertical edges are filtered first, followed by the horizontal edg-
es. Fig. 4 shows the detailed processing order. For the luminance block, the deblocking 
filter performs the parallel processing to simultaneously execute two parallel horizontal 
filterings and two parallel vertical filterings. The order of the horizontal filter is from left 
to right and top to bottom. In step 1, the horizontal filter operations between blocks E1 
and B1 are performed first. The horizontal filter operations between blocks B1 and B2 

(a)                                      (b) 

Fig. 3. Various H.264/AVC filter processing orders. 
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are also performed simultaneously. Then the horizontal filter operations between blocks 
B2 and B3 are performed in step 2. The horizontal filter operations between blocks B3 
and B4 are also performed simultaneously. The processes of the next rows are similar to 
that of the first row. In order to reduce the external memory accesses, the coding blocks 
can be stored in the on-chip memory, and then reused for the next vertical filters. A RAM 
transposer is used to transpose the stored data from row to column for the vertical filter. 
Beginning at step 4, the vertical filter operations between blocks F1 and B1 are per-
formed first. The vertical filter operations between blocks B1 and B5 are also performed 
simultaneously. Then the vertical filter operations between blocks F2 and B2 are per-
formed in step 5. The vertical filter operations between blocks B2 and B6 are also per-
formed simultaneously. The processes of the next columns are similar to that of the first 
column. The process of each data flow in two chrominance blocks is similar to that in the 
luminance block. According to this computation order, the deblocking filter of the coding 
block can be finished within only eleven steps. 

 
 
3.2 The proposed parallel deblocking filter architecture 
 

In this paper, a high-throughput parallel architecture employing a parallel-zigzag 
processing order is proposed. Fig. 5 shows the proposed deblocking filter architecture. 
There are five main components in this architecture. The first component is the two block 
memories to store the data received from an external memory. Each memory is a 32x32 
bit dual-port SRAM. Block Memory 1 is used to store the left neighbor blocks (E1-E8) 
for Filter Unit 1. Block Memory 2 is used to store the top neighbor blocks (F1-F8) for 
Filter Unit 3. The second component is Filter Units including two horizontal filters and 
two vertical filters. Filter Unit 1 and Filter Unit 2 are two horizontal filter modules, HF1 
and HF2. Filter Unit 3 and Filter Unit 4 are two vertical filter modules, VF3 and VF4. In 
addition, the luminance and chrominance deblocking filter architectures are separated and 
executed at the same time. The third component is Derivation of Threshold Variables 
generating the threshold variables β and tC from the input quantization parameter (QP). In 
addition, a RAM Transposer, which is used to transpose the data flow of 8x8 blocks from 
row to column in order to help reuse the data of the horizontal filter for the vertical filter 

Fig. 4. The proposed parallel-zigzag processing order 
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without storing back to the memory. The details of Filter Unit, Derivation of Threshold 
Variables, and RAM Transposer will be explained in the following subsections. The other 
two components in the proposed architecture are Splitter and Combine. The coding block 
is divided into two parts by Splitter to be transferred to two filter modules. After splitting 
the coding block, Combine will merge them into the original coding block to be trans-
ferred to Block Buffer. We assume that 8 pixels are the input into Splitter at every clock 
cycle. It takes 8 clock cycles to load an 8x8 block. Finally, to control the operations of 
the above-mentioned components, Administration is used to generate the control signals. 
In addition, to increase the throughput, our design can achieve more parallelism if the 
increased hardware size and I/O bandwidth are acceptable. There is no data dependency 
between the adjacent blocks in the same row and between the adjacent blocks in the same 
column. Therefore, all the blocks B1-B16 shown in Fig. 4 can be performed in parallel 
both for the horizontal filtering first, and then the vertical filtering. We can increase the 
degree of parallelism up to sixteen. 

To explain the proposed parallel-zigzag processing order and the parallel 
deblocking filter architecture more easily, the parallel data flow is shown in Table 1. Af-
ter eight clock cycles, the coding block and its neighbor block are transferred to Filter 
Unit and the two horizontal filters operate first. For the first Filter Unit HF1, the data of 
block E1 is read from Block Memory 1. Then the first-part data of block B1 as shown in 
Fig. 6 is received from the external memory through Splitter 1. At the same time, the se-
cond Filter Unit HF2 receives the second-part data of block B1 and the first-part data of 
block B2 from the external memory through Splitter 1 shown in Fig. 6. Two vertical edg-
es of the blocks E1 and B1, and the blocks B1 and B2 are filtered simultaneously. Then, 
the data of block B1 is combined together and stored in RAM Transposer to be trans-
posed from row to column for the Vertical Filter. 

Fig. 5. The block diagram of the proposed parallel deblocking filter architecture. 
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At the next eight clock cycles, the second-part data of block B2 and the first-part 
data of block B3 as shown in Fig. 6 are read from Splitter 1 and transferred to HF1. Simi-
larly, the second-part data of block B3 and the first-part data of block B4 as shown in Fig. 
6 are read from Splitter 1 and transferred to HF2. Two vertical edges of the blocks B2 and 
B3, and the blocks B3 and B4 are filtered simultaneously. The blocks E2, B5, and B6 are 
filtered in the same manner. 

At step 4 (the twenty-fifth clock cycle), the Vertical Filters start to filter the pixels in 
the horizontal edges while the Horizontal Filters continue to filter the pixels in the verti-
cal edges. The data of block F1 are read from Block Memory 2 and transferred to VF1. 
The third-part data of block B1 is received from RAM Transposer, and transferred to VF1. 
At the same time, Vertical Filter VF2 receives the fourth-part data of block B1 and the 
third-part data of block B5 from RAM Transposer through Splitter 2. Two horizontal 
edges of the blocks F1 and B1, and the blocks B1 and B5 are filtered simultaneously. The 
block B1 has now finished the filtering with the adjacent blocks four times. Then the 
block B1 is transferred to the output bus through Combine 2. In the next steps, the data 
flow is processed in a similar fashion.  

The proposed parallel deblocking filter architecture can be used for H.264/AVC 
video codec. Since the deblocking filter in H.264/AVC is only applied on the 4x4 blocks, 
the data flow of the H.264/AVC deblocking filter is slightly different to that of the 
H.265/HEVC deblocking filter. The deblocking process also begins with two horizontal 
filters. After the first and second rows in the coding block are performed, the two vertical 
filters start to filter the pixels. For illustration, consider the blocks in Fig. 4. The horizon-
tal filter operations between block E1 and B1 are performed first at step 1. The horizontal 
filter operations between blocks E2 and B5 are also performed simultaneously. Then the 
horizontal filter operations between blocks B1 and B2 are performed in step 2. The hori-
zontal filter operations between blocks B5 and B6 are also performed simultaneously. 
The horizontal filter operations between blocks B3 and B4 are performed in step 3. The 
horizontal filter operations between blocks B7 and B8 are also performed simultaneously. 
The horizontal filter processes of the next rows are similar to that of the first and the se-
cond rows.  

The filtered pixels are stored in the on-chip memory, and then reused for the next 
vertical filters. Beginning at step 4, the vertical filter operations between blocks F1 and 
B1 are performed first. The vertical filter operations between blocks F2 and B2 are also 
performed simultaneously. Then the vertical filter operations between blocks F3 and B3 
are performed in step 5. The vertical filter operations between blocks F4 and B4 are also 
performed simultaneously. The vertical filter processes of the next rows are similar to that 
of the first row. According to this computation order, the H.264/AVC deblocking filter 
efficiently operates when compared to other H.264/AVC deblocking filters. In this situa-
tion, Splitter and Combine modules are not used, and the processing time becomes faster 
than that of H.265/HEVC. Therefore, our proposed parallel deblocking filter architecture 
can be used not only for H.265/HEVC but also for H.264/AVC.  

However, our design in H.264/AVC deblocking filter cannot achieve such high par-
allelism as that in H.265/HEVC deblocking filter since the limitation of the sequential 
dependency. Since the data dependency between the adjacent H.264/AVC blocks in the 
same row, the parallelism can just be achieved between the adjacent blocks in the same 
column. For instance, the horizontal filter operations between blocks E1 and B1, blocks 
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E2 and B5, blocks E3 and B9, and blocks E4 and B13 can be performed simultaneously. 
As mentioned above, for H.265/HEVC, all the blocks B1-B16 can be filtered in parallel 
for the horizontal or vertical filtering. Therefore, high parallelism can be accomplished in 
H.265/HEVC. 

Table 1. The data flow of the proposed parallel deblocking filter architecture. 

 
where ½ Bx(1): the first-part data of block Bx, 

 ½Bx(2): the second-part data of block Bx, 
 ½Bx(3): the third-part data of block Bx, 
 ½Bx(4): the fourth-part data of block Bx as shown in Fig. 6. 

 

 

 
 

Step 
 
Filter 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 

 
11 

HF1_L E1 ½ 
B2(2) 

E2 ½ 
B6(2) 

E3 ½ 
B10(2) 

E4 ½ 
B14(2) 

   

HF1_R ½ 
B1(1) 

½ 
B3(1) 

½ 
B5(1) 

½ 
B7(1) 

½ 
B9(1) 

½ 
B11(1) 

½ 
B13(1) 

½ 
B15(1) 

   

HF2_L ½ 
B1(2) 

½ 
B3(2) 

½ 
B5(2) 

½ 
B7(2) 

½ 
B9(2) 

½ 
B11(2) 

½ 
B13(2) 

½ 
B15(2) 

   

HF2_R ½ 
B2(1) 

½ 
B4(1) 

½ 
B6(1) 

½ 
B8(1) 

½ 
B10(1) 

½ 
B12(1) 

½ 
B14(1) 

½ 
B16(1) 

   

VF1_U    F1 F2 F3 F4 ½ B5(4) ½ 
B6(4) 

½ 
B7(4) 

½ 
B8(4) 

VF1_D    ½ 
B1(3) 

½ 
B2(3) 

½ 
B3(3) 

½ 
B4(3) 

½ B9(3) ½ 
B10(3) 

½ 
B11(3) 

½ 
B12(3) 

VF2_U    ½ 
B1(4) 

½ 
B2(4) 

½ 
B3(4) 

½ 
B4(4) 

½ B9(4) ½ 
B10(4) 

½ 
B11(4) 

½ 
B12(4) 

VF2_D    ½ 
B5(3) 

½ 
B6(3) 

½ 
B7(3) 

½ 
B8(3) 

½ 
B13(3) 

½ 
B14(3) 

½ 
B15(3) 

½ 
B16(3) 

Fig. 6. Illustration of the data partition in a block. 
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3.2.1 Filter Unit 
 

The architecture of Filter Unit is shown in Fig. 7. The most important design in 
Filter Unit is Filter Operator, which makes several decisions on filtering of each edge and 
the mode of operation. 

The proposed Filter Unit has four modules as follows: 
 
A. Computation of Boundary Strength (Bs) 

 
The strength of deblocking filter in H.265/HEVC is controlled by the value of sev-

eral syntax elements similar to that of H.264/AVC except that only three strengths from 0 
to 2 are used rather than five. There are two filter modes: strong and weak for the 

Fig. 7. The proposed filter unit 

Fig. 8. The flowchart of the boundary strength determination 
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deblocking filter. For the luminance component, only block boundaries with Bs values 
equal to 1 or 2 are filtered. The filter modes are defined and selected based on the Bs 
value. The Computation of Boundary Strength is used to determine the Bs value. Fig. 8 
shows the flowchart of the boundary strength determination. 
 

B. The decision of dS 
 

If Bs is greater than zero, the decision of dS is applied on the deblocking of each 
edge. It decides whether to filter or not and the filter mode operation. Fig. 9 shows the 
flowchart of the decision of dS.  

For each edge, the decision of dS and the filtering operation are performed as ex-
plained as follows. In the first step, the following condition is checked to decide whether 
the deblocking filter is applied or not: 

d = d0 + d3 = |p20 - 2p10 + p00| + |p23 - 2p13 + p03| + | q20 – 2q10 + q00| + |q23 – 2q13 + q03| 
< β                                                                                    (1) 

where the threshold β depends on QP. Only the first and the fourth lines in a block 
boundary of length 4 are evaluated to avoid unnecessary complexity. If d is smaller than β, 
the filter is applied to the edge, otherwise not. Whether to apply a strong or weak 
deblocking is also determined based on the first and the fourth lines across the block 
boundary of four samples. In the second step to determine the filter mode operation, the 
following condition is investigated: 

( ) ( )( ) ( )( )2 ^ 3 0 3 0 3 ^ ( 0 0 5 1 1 )i i i i i i cdS d p p q q p q tβ β= < − + − < − < +      (2)                                 

where i= 0, 3. If these sequences of deblocking filtering decision are true, the strong filter 
is selected. Otherwise, a weak filter is se lected. The threshold variables β and tC are de-
rived from input QP. 

Fig. 9. The flowchart of decision of dS. 
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C. Decoder 

 
Based on the information of Computation of Boundary Strength and Decision of dS, 

Decoder decides which pixel should be filtered. When Bs is equal to 0, no filtering is 
applied. When Bs is not equal to 0 and d is not smaller than β, no filtering is applied ei-
ther. When Bs and dS are not equal to 0, the strong filter is applied while the number of 
filtered samples nD is set equal to 3. Otherwise, if dS is equal to 0, the weak filter is ap-
plied while the number of filtered samples nD is set equal to 2. In addition, the control 
signal to distinguish between the luminance and chrominance components is also sent to 
Decoder. Decoder will generate the final decisions to Filter Operator. 

 
D. Filter Operator 

 
Filter Operator is the most important module in Filter Unit. After receiving the value 

of Bs and checking several conditions, Filter Operator starts to filter pixels and executes 
two filter modes: strong and weak. 

For Bs = 1 or 2, if the condition (1) is satisfied, the values p0, p1, q0, and q1 are the 
filtered pixels in the weak filter. The weak filter operations are as follows: 

∆ = (9*(q0i – p0i) - 3*(q1i – p1i) + 8) >> 4  
∆ = Clip3 (-tC, tC, ∆) 
p0i’ = Clip1Y (p0i +∆)   
q0i’ = Clip1Y (q0i -∆) 
∆p = Clip3( −( tC  >>  1 ), tC  >>  1, ( ( ( p2i + p0 + 1 )  >>  1 ) – p1i + ∆ )  >>  1 )   
p1i’ = Clip1Y (p1i + ∆p) 
∆q = Clip3( −( tC  >>  1 ), tC  >>  1, ( ( ( q2i + q0i + 1 )  >>  1 ) – q1i − ∆ )  >>  1 )   
q1i’ = Clip1Y (q1i + ∆q) 

where i= 0-7. For Bs = 1 or 2, if the conditions (1) and (2) are satisfied, the strong filter is 
applied. Then, p0 to p2 and q0 to q2 are the filtered pixels, and the filter operations are as 
follows: 

p0i’ = Clip3 (p0i-2*tC, p0i+2*tC, (p2 + 2*p1i + 2*p0i + 2*q0i + q1i + 4) >> 3)  
p1i’ = Clip3 (p1i-2*tC, p1i+2*tC, (p2i + p1i + p0i + q0i + 2) >> 2)   
p2i’ = Clip3 (p2i-2*tC, p2i+2*tC, (2*p3i + 3*p2i + p1i + p0i + q0i + 4) >> 3)   
q0i’ = Clip3 (q0i-2*tC, q0i+2*tC, (p1i + 2*p0i + 2*q0i + 2*q1i + q2i + 4) >> 3)  
q1i’ = Clip3 (q1i-2*tC, q1i+2*tC, (p0i + q0i + q1i + q2i + 2) >> 2)   
q2i’ = Clip3 (q2i-2*tC, q2i+2*tC, (p0i + q0i + q1i + 3*q2i + 2*q3i + 4) >> 3)  

where i= 0-7. 
 
3.2.2 RAM Transposer 
 

Since the deblocking filter is used for filtering the vertical edges as well as the hori-
zontal edges, the 8x8 blocks need to be transposed before filtering the vertical edges. An 
8x8 RAM Transposer architecture is shown in Fig. 10. Each block of a transposed array 
is eight flip-flops that store eight 8-bit pixels. The dataflow of the 8x8 transposed arrays 
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are controlled by multiplexors. The outputs of the eight flip-flops are connected to the 
multiplexors which arrange the data from row to column for filtering the horizontal edges. 
 

4. EXPERIMENTAL RESULTS 

To assess the performance of the proposed algorithm and VLSI architecture, we im-
plemented it in Verilog HDL and synthesized it in TSMC LVT 65 process. However, 
there was no published work for H.265/HEVC deblocking filter yet, so we could not 
compare the design results with any other H.265/HEVC deblocking filter. However, our 
design supports H.264/AVC too. We compared the design results with H.264/AVC 
deblocking filters. Seven previous design results for H.264/AVC were classified as fol-
lows: a basic + single-port, dual arrays + single-port SRAM, 2D deblocking filter, du-
al-port SRAM, SPA parallel with 8EFO, Win44 dual-port SRAM, and Win44 parallel 
dual-port SRAM. The clock cycle count and the gate count were the major comparison 
factors as shown in Table 2. 

The array architecture of [7] used interleaved memory organization and a pixel array 
with reconfigurable data path to support one parallel-in parallel-out reconfigurable 1D 
filter. The area of this design was the smallest in Table 2. However, the clock cycle count 
was very large. 

Making good use of the data dependency, a new processing order could reduce the 
requirement of on-chip SRAM bandwidth and increased the throughput of the filter pro-
cessing. According to the order, the 2-D deblocking filter of [12] was proposed. The 
number of clock cycles taken by this method was only the half of the previous design [7]. 
However, the processing time still took too long to handle the large resolution video ap-
plications such as HD and UHD. 

The processing capability of the deblocking filter architectures in [14] was very ap-

Fig. 10. The 8x8 RAM Transposer architecture. 



HIGH-TROUGHPUT PARALLEL ARCHITECTURE FOR H.265/HEVC DEBLOCKING FILTER  

 

13 

 

propriate for real-time deblocking of HD video. However, these architectures led to a 
large gate count. The number of clock cycles of our proposed architecture was the small-
est in Table 2. Considering the clock cycle count and the gate count of the architectures in 
Table 2, our proposed architecture was the best choice in terms of the clock cycle count. 

Table 2 summarizes the comparison of the seven architectures in term of clock cycle 
count and the gate count. The gate account of our proposed deblocking filter architecture 
is 41.77 Kgates which is slightly larger than the average gate count of 31.66 Kgates in 
Table 2. The cycle count is investigated for the basic video QCIF and the large resolution 
video applications HDTV. Applying the proposed parallel-zigzag processing order, our 
design takes eleven steps for the first coding block and eight steps for the next ones in the 
pipelined fashion. Every step is eight clock cycles. Therefore, our design takes 1,624 
clock cycles for one QCIF frame and 129,624 clock cycles for one HDTV frame. 

Table 2. Comparison with the previous architectures. 
Design Architecture Cycle count for QCIF 

Per Frame 
Gate count 

Huang [7] Basic+Single-port SRAM 504x99=49896  
(1) 

18.91K 
(1) 

Huang [7] Dual Arrays+Single-port 
SRAM 

408x99=40392 
(0.81) 

20.66K 
(1.1) 

Sheng [12] 2D Deblocking filter 286x99=28314 
(0.57) 

24K 
(1.27) 

Chen [13] Dual-port SRAM 240x99=23760 
(0.48) 

22K 
(1.16) 

Chen [14] SPA parallel with 8EFO 3313 
(0.07) 

58.64 
(3.1) 

Chen [14] Win44 Dual-port SRAM 9892 
(0.2) 

14.75K 
(0.78) 

Chen [14] Win44 parallel Dual-port 
SRAM 

2473 
(0.05) 

52.55K 
(2.78) 

Proposed work Parallel Deblocking filter  (11+8x24)x8=1624 
(0.03) 

41.77K 
(2.2) 

 
 
Table 3 shows the comparison of the maximum data size and the operating clock 

frequency between different architectures. Our pipelined architecture can reach a high 
operating clock frequency of 226 MHz which can perform a real-time deblocking filter of 
large resolution video of 1080p HD at 60fps. 
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Table 3. Performance Comparison with previous architectures. 
Design Architecture Resolution fps Max clock 

frequency 

Huang [7] Basic+Single-port 
SRAM 

1280x720 31.6 100 MHz 

Huang [7] Dual Arrays+Single-port 
SRAM 

1280x720 45.2 
 

100 MHz 

Sheng [12] 2D Deblocking filter 1280x720 62.3 
 

100 MHz 

Chen [14] Win44 parallel Dual-port 
SRAM 

1920x1080 60 60 MHz 

Proposed 
work 

Parallel Deblocking filter  1920x1080 60 226 MHz 

 

5. CONCLUSION 

In this paper, we presented a novel high-performance VLSI architecture of 
deblocking filter for H.265/HEVC video coding. The proposed parallel deblocking filter 
architecture is based on a new parallel-zigzag processing order. There is no published 
work of H.265/HEVC deblocking filter to compare with. Besides, our architecture is 
backward compatible for H.264/AVC. As shown in the experimental results, our design 
achieved high processing performance at the expense of slightly increased size even when 
compared with the designs for H.264/AVC. We improved the clock cycles by 52.3%, and 
the area is increased by 25.8% when compared with the design of the best known archi-
tecture of Chen [14]. Various designs were compared with the proposed one. The exper-
imental results showed that our design was the best choice considering the performance 
and the size. Our architecture can be used for high performance HD video applications up 
to 1080p at 60fps. 
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