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Abstract -This paper proposes an efficient
architecture for lifting based 3-D DWT Lifting based
for video/ image signal using parallel pipeline
technique. The main objective of this paper is to
minimize the critical path delay in computing the 9/7
lossy lifting steps with reduced clock cycles. The
architecture consists of row, column and temporal
processors and video frames are processed using
separability and cyclic symmetry property. The
novelty of this method is by using flipping structure
for adders and replacing multipliers by shift and add
operations. This benefits the proposed method for
low latency, power consumption, and high
throughput over many existing architectures. To
validate this model, the architecture is being coded in
Verilog HDL and implemented using Xilinx ISE
14.7xc7a100t-3-csg324 FPGA. The performance of
this architecture of 3D lifting DWT processor
achieves a speed of at least 373 MHZ with low power
dissipation making it suitable for real time high
speed video applications.

Keywords: Lifting DWT, Parallel processing,Cyclic
symmetry Property, Critical path delay, Video
processing, pipelining.

l. INTRODUCTION

The Discrete Wavelet Transform posses multi
resolution capability which has adjustable locality in
both the time and frequency domains. When
compared to the Fourier transform, the wavelet
transform has many possible sets of basis functions
[2]. The image compression technique based on 2-D
Discrete Wavelet Transform is superior over existing
JPEG based on Discrete Cosine Transform and is
standardized in forms like JPEG2000 as discussed in
[12]. The DWT supports features like progressive
image transmission, ease of compressed image
manipulation, region of interest coding, etc, as
discussed in [15]. The hardware implementation of
DWT increases the computational complexity of the
DWT. Therefore, the suitable VLSI implementations
of lifting DWT is inevitable for real time
image/video applications.

DWT process can be implemented by convolution
technique and lifting based methods [16]. The main
disadvantage of the convolution technique is only
applied for frequency domain and in additional, they
require extra storage memory. The hardware
implementation of lifting-based DWT has many
advantages like in-place computation, integer-to
integer transform, reduction of the number of
arithmetic operations, the size of registers, and
overcomes the limitations of convolution technique.
The previous existing architectures are designed for
fixed processing speed and cannot be extended to
achieve a higher processing speed for video
processing [17]. Simulation of 3-D lifting DWT
requires  higher  computational complexityand
memory. computational and the objective of this
paper is to propose an efficient VLSI  architecture
for lifting DWT without multipliers, therefore
reducing the critical path delay suited for real time
multimedia applications.

This paper proposes an optimized 3-D DWT lifting
method using parallel pipeline processing and to
minimize a critical path delay. The pipelining and
parallel processing is done for row, column and
temporal processors using separability property. The
cyclic symmetry property for blocks of images are
used for computing lifting steps and in reducing the
critical path delay for the computation of 3-D wavelet
transform [17]. The novelty of the proposed
architecture is multiplications is replaced by shift
and add operations to reduce delay and better
hardware utilization.

The proposed structure involves 9/7 lossy DWT of
JPEG 2000[15,17] that requires less average
computational time of 2Ta. The critical path delay of
existing lifting based method is Tm+2Ta [16], Tm is
represented as multiplier time delay and Ta is adder
time delay. The rest of the paper is organization of
paper is as follows: The principle needed for
implementing the proposed 3-D DWT is given in

section I, implementation results compared with
other existing architecture for 3-D DWT is given in
section I, and finally concluding remarks and

extension of this work in future is illustrated in
section V.
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Il. PROPOSED ARCHITECTURE FOR 3D-DWT

a. Basics of 9/7 Lossy Lifting Scheme

The lifting wavelets are second generation wavelets
done in spatial domain. it has more flexibility than
first generation wavelets. The lifting scheme preforms
sub band decomposition for filtering operations at
each level in spatial domain. The algorithm can be
described in three phases namely; split, predict and
update. The basic principle of lifting based technique
consists of the following matrix,

p(2) = [(1) a(1+11/z)] [b(ll-l—z) (1)] x

1
Ll) C(l:-z)][d(11+z) (1)][1(; 19k]

where a (1 + 1/z) and ¢ (1 + 1/z) are the predicted
coefficients, b (1 + z) and d (1 + z) are the updated
coefficients, and K is the scale normalization factor.
The 9/7 lifting  filter  coefficients are
a=—-1.586134342, b=-0.052980118,
c=0.8829110762, and d=0.4435068522, and the
scaling coefficient is K = 1.149604398. The in-band
matrix multiplication is used for implementing the
lifting steps as given in equations [1-6]. The flipping
structure is used for reducing the multipliers in the
proposed architecture and steps are discussed in
equations [8-12]. For the given sequence of x(n),
with n=0 to N-1, the lifting algorithm steps are given
by,

si® = x(2n) @

di®=x(2n+1) 2

di' =di® + a(si® +5%,,) (3)
sit = si® + b(d}, + dit) (4)
di? =di' + c(si' +s;4,) (5)
si? = si' + d(d?, + di") ©6)
di=C ; si=si? x k (7)

It is clear that the equations can be implemented by
the same processor element, where s; splitand
d;detailed represents LPF and HPF coefficients at
each stage, which consisting of the adder and the
multiplier and that were arranged in a pipeline
manner and by feeding appropriate lifting coefficient
as Tm+2Ta.Conventional lifting scheme processes

these intermediate data, resulting in long critical path
delay. The flipping structure reduces the number of
intermediate steps by replacing multipliers with
shifters. To determine the propose method using
flipping technique the following conditions are
derived [1].

From the above equation (3), we derived

dit _ di® .
— =+ (si% + 5144) ®)

And from the equation (4) we derived

L=y @y +d) ©)

—b=—b+(d—+%) (10)
et (11)
S S (e A (12)

abcd abcd abc abc

Since these intermediate data are on different paths, it
can be calculated in parallel manner with the current
operation and the utilized in subsequent operations.

by
For example in equation (8) the computation cycle%

9, . L.
and %‘IS concurrently computed with the addiction

operation between s? and s, .

During, the next lifting steps in (11) and (12) signals
d} and s} are scaled by iand é instead of i and

; o -d
—because outputs — and *— products from the
abcd a ab

first lifting operation is used in second lifting steps.

. d?
The final outputs are scaledd; = 7‘ ands; = s? X

kabc Therefore processing unit for computing the
flipping lifting operations are shown in fig.1. The
processing unit consists of shifter (delay) and adder
with a critical path delay of 2Ta.
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Fig 1. Processing unit of lifting structure

b. Overview of flipping structure for

The proposed architecture for 3-D lifting DWT
consist of two parallel spatial processors (2-D DWT)
for image and four temporal processors (1-D DWT)
for video input. The spatial processor produces 4 sub-
bands, i.e., LL, HL, LH and HH which are given as
inputs to the four temporal processors. The output
consists of low frequency frame (L-frame) and a high
frequency frame (H-frame).

The 3D DWT structure consists of two types of
structure is: combinational component and memory
component. The combinational component consists
of arithmetic circuits. The memory component
consists of a spatial memory (S MEM), temporal
memory (T MEM), row (R MEM) and column
(CMEM) memory. The below figure 2 illustrates the
generic structure of 3D DWT.

lifting DWT
INPUT
IMAGE/ FRAMES ron ¢ MEM
! PROCESS0R
l “
R MEM COLUMN
PROCESSOR

Fig.2. Generic structure of 3D-DWT

a) Row Processor (RP):

The proposed parallel pipelining method as shown in
fig. 3. It allows the coefficients of alternate rows to
be scanned for computing the lifting coefficient by
the row processor at each clock cycle as discussed in
[1] [17]. Therefore, two registers are used to keep the
intermediate data in alternate rows, and the switches
are utilized to select those intermediate data. Two
sum register and two temporal register are designed
to store the data for odd and even row in the row
processor, respectively.

b) Column Processor (CP):

The output of the row processor is given to the
Column Processor (CP). Two processing unit as
shown in fig.1 is designed as column processor. The
transpose register gives a pair of H and L
coefficients in an alternative order, that are fed to the
inputs of one PU of the CP. By using separability
property the results are used by the next PE after two
clock cycles. The shift registers of length two are

» S TEMPORAL | — OUTPUT
PROCESSOR [MAGEFRAMES
M
E l
M T MEM

inserted within the column Process between each
pair of pipeline. the output of the Column Process
gives four sub bands in an interleaved manner.

c¢)Spatial/Temporal processor

Spatial processor (SP) consists of row and column
processors. To implement pipelining in the given
equations [8-12] The proposed row processor and
column processor have utilized the flipping structure
as illustrated in [13].

The architecture shown in fig.3 use the zig
zag based scanning on image frame coefficients
between external memory and internal memory [1].
The processing unit for lifting 2-D DWT reduces the
critical path delay to 2Ta [18]. The number of inputs
to the spatial processor is equal to 2P+1, where P is
the number of parallel processing units (PU) in the
row processor as well as column processor[13]. The
architecture shown in fig.3 for handling image has
been designed with two parallel processing units and

ISSN: 2231-5381 http://www.ijettjournal.org Page 189



http://www.ijettjournal.org/

International Journal of Engineering Trends and Technology (IJETT) — Volume 47 Number 4 May 2017

can be extended to P = 4, 8, 16 or 32 for varying
frames.

1) - " 1powr

1-o0wT

1

Fig.3. Block diagram of proposed architecture of 3-

D DWT

1. RESULTS
COMPARISON

AND PEFORMANCE

a. Simulation and Synthesis Results:

The proposed 3-D DWT architecture has been
coded in Verilog HDL. A uniform word length of
15 bits for the given image coefficients is used.
Simulation is verified by using test bench for the
given image input coefficients. The stimulation is
done using Matlab for loading and retrieving the
image coefficients. RTL simulation using Model
Sim have been done to exactly match the
MATLAB simulation. The input taken from the
system is given in binary coefficients are loaded in
Verilog file and the sample input is shown in
figure. 4. After performing lifting steps the
corresponding output coefficients are loaded in
Verilog file. The given input image of the size
NxN, where N=256, frame size is fixed, and

column processing is done using symmetric
extension. The proposed architecture initiates the
DWT process row wise through the row processor
(RP) and then process the column DWT by the
column processor (CP). The maximum critical path
delay provided by these Process Element(PE) is
2Ta. The outputs corresponding to row, column,
spatial processor are stored in respective memory.
And those stored outputs are entered for next
subsequent columns of the same row.

Fig.4. Sample input image

Fig. 5. Sample output image

And the above fig. 4. illustrates an input image for
3D-DWT process of size 256x256 coefficients for
this designed architecture. Whenever the row
processor produces the intermediate results, the
column processor starts to work on those intermediate
results to obtained 2-D DWT. Row- column
processor takes 10 clocks to give the 2-D DWT
output. The temporal processor takes 2 more clock
cycle to produce 3-D DWT output. The proposed 2-D
DWT and 3-D DWT architectures have latency of 10
to 12 clock cycles respectively, irrespective of the
image size N and the number of parallel PUs. And
thus the output image is viewed on Matlab screen and
image obtained is shown in below fig.5.

The Verilog RTL code is synthesized using Xilinx
ISE 14.7 tool and mapped to a Xilinx programmable
device (FPGA) xc7al00t-3-csg324 with speed grade
of -3. Table | shows the device utilization summary
of the proposed architecture and it operates with a
maximum frequency of 373 MHz.
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The table | summarize the device utilization of lifting

3-D DWT, the logic utilization is high which is not a

drawback for achieving high speed in real time video
application. hence, the table | gives the device

utilization summary. It is clear that the utilization of
slice registers was very low where else the block

RAM was utilized.

increase in hardware complexity and achieves a
high speed suited for real time multimedia
applications.

Table Il: Comparison of proposed 3-D DWT
architecture with existing works

Table I Device utilization summary

LOGIC UTILIZED USED AVAILABLE UTILIZATION
Slice registers 3135 126800 2%

Number of slice LUT’s | 117806 | 63400 185%
Number of fully used | 1520 119421 1%

LUT-FF pairs

Number of Block RAM | 128 135 94%

The RTL schematic of the lifting 3-D DWT as shown
in fig.6.

FINAL_IMAGE_3D_DWTT

F 1AL

IMAGE_3D_DWI

Fig.6. RTL Schematic of proposed 3-D
DWT Lifting  Architecture.

b. Comparison of the proposed method with
existing architecture

Comparison of the proposed architecture with the
existing 3D-DWT architecture [18], is shown in the
table I1. It shows that proposed design possesses
the features of less memory requirement, high
throughput, less computational time and minimal
latency compared to the existing one. It is also
noted that the speed of the proposed method is
higher than the existing method [18], the maximum
operating frequency of the proposed architecture
reaches 373 MHZ. The proposed architecture
achieves high speed as shown in the table II. It is
clear that utilization is less than 100%, with

PARAMETERS DAS [18] | Proposed
existing work | work

ASIC/FPGA Xilinx  FPGA | Xilinx FPGA
xc4vix140 xc7al00t-3-

csg324

Speed 310 MHZ 373 MHZ

Area 1853 slices 1525 slices

Memory requirement 10 (N/2) [10 | 128 blocks
blocks]

Latency 4N + 28 8 cycles

Multipliers Nil Nil

Adders 26 X 3 162

Filter bank 9/7 9/7 loss DWT

Hardware utilization 100 % 94 %

IV. CONCLUSION

The high speed and hardware efficient architecture
for lifting method for 3-D DWT suited for video
input frames is discussed in this paper. The
architecture is being implemented on xc7al00t-3-
csg324 FPGA achieving speed, reduction in
latency and better hardware utilization. When
compared with several existing architectures, the
proposed method gives higher speed performance
at the cost of a slight increase in area. This
architecture can compute the maximum of fixed
frame size of 256 X 256 coefficient of image size.
The novelty of this method involves reducing the
critical path delay by using only adders for
computing the lifting steps. The idea of the
proposed 3-D DWT architecture can be extended
for video compression and idea be extended for
real time video with variable frame size. The
reconfigurability of device can be done for better
optimization suited for real time multimedia
applications.
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