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Abstract: Now a days, there 1s very much use of multimedia teclmologies, so there 1s need of improvement in
the image compression technicue in terms of performance and also the new features. Due to advantages of the
discrete wavelet transform over the traditional transforms, it became very popular in the area of image
processing. A Fast Architecture (FA) for 2-D Discrete Wavelet Transform (DWT) with use of improved Lifting
scheme 1s presented in this study. Likewise embedded decimation technique used for the 1-D Discrete Wavelet
Transform (DWT), pipelined and parallel structured 2-D DWT proposed in this study. In this study, we have
proposed the multiplier less pipeline method for DWT. The advantage of this technique is that it does maximum
utilization of the designed hardware. It does the I levels of decomposition when input image of size NxN given
i an around 2N2 (1-4draise to-1)/3 of clock cycles. This method is called as Fast Architecture (FA). Using thus
technique throughput rate, output latency, etc are improved at the cost of some additional hardware. So,
proposed architecture is better alternative for high speed applications.
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INTRODUCTION

It has been seen in today’s world that the multimedia
technologies are widely used in many multimedia devices.
The various operations are performed on the images in
multimedia technologies. Tt may be analysis of the image,
umage compression, lmage processing etc. Among all
transform techmques, DWT (Discrete Wavelet Transform)
have the better advantages over the Convolution based
transform or lifting based transform in terms of high
computation, low hardware cost, higher efficiency,
maximum hardware utilization. A fast architecture for
DWT is introduced here to achieve all these advantages.
Lifting scheme also reduce the number of computations
but fast architecture along with improved lifting scheme
gives other advantages too.

For the use of transforms in high speed/low power
applications, there should be lgh efficiency, low
hardware cost 13 required. 2ZD-DWT have composed of
mult rate filters. It decomposes the signal with time and
frequency domain in different sub-bands. Also, fast
architecture mtroduces high speed advantage in it and
numbers of levels of decompositions are mncreased. So,
there is high computation ability in it that’s improving the
utilization of hardware. There are different proven
methods of transform.

traditional method
transform, there is filtering of input signal into low pass

In convolution based or

and high pass filter sub-bands with the use of low pass
and high pass filters. Then these low pass and high pass
sub-bands are sub sampled and image is recovered from
it. So, the basically, it uses much power also the number
of computations are more in number. So, the speed is less
1n this type of transform.

Then the wavelet transform is introduced to
overcome these drawbacks of the convolution based
transform. Also, there are many methods for discrete
wavelet transform. The well known method is Lifting
scheme for the discrete wavelet transform. Lifting
architecture for 2D-DWT uses the 3 simple lifting steps
for the decomposition of the mput signal. These steps are
splitting of the signal into lugh pass and low pass filters
into sequence of filters then lifting step for the
multiplication and addition operations {computations) on
it and then scaling of it. This technique has low
computations but it cammot be used for all lugh speed
applications rather it is used for real time applications. But
also there are no of multiplication and additions
operations involved. So, there 1s use of multipliers in the
lifting scheme. With the use of multipliers, it increases the
hardware and area. Also, it makes the design costly.
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So, T proposed a new technique called fast
architecture with improved lifting scheme for discrete
wavelet transform for the lugh speed applications n this
study. In this technique, parallel and pipeline execution of
the lifting steps 1s done. Also, the use of multiplier 1s
removed. Multipliers are replaced by shift-add circuit. It
reduces the hardware and decreases the cost of hardware.
So, wsing this technique throughput rate is increased,
output latency time is decreased. So, it is better technique
than conventional 2D-DWT.

In 1D-DWT with use of embedded decimation, it
takes the input image and decomposes the input image
into low and high pass components. These components
are available at the output altemately. With use of it, 1
have proposed the fast architecture for 2D-DWT using
parallel and pipeline technique. In this technicue, there are
two horizontal and vertical filter used. Due to use of these
filters in parallel and pipelined fashion there 13 maximum
utilization of the hardware. Also, the speed of execution
(throughput rate) is increased by 2 times than the simple
2D-DWT architecture using the lifting scheme.

Literature review: There are many research worl done on
the DWT architecture till now. Among that entire research
works, we will discuss few of them here as follows.

The memory efficient architecture 1s proposed by
Chiang et al. (2005). This architecture have low internal
memory than the existing lifting based 2D-DWT. The main
components of this architecture are 1-D Row processor,
Internal Memory and 1-D Column processor. When input
is given to this row processor perform row wise DWT
operation and coefficients of these are stored in the
mternal memory. If there are sufficient number of
coefficients in the internal memory then column wise
DWT is performed. So, this technique gives require less
internal memory.

Movva and Srimivasan (2003) proposed the novel
architecture for lifting based discrete wavelet transform
(Dagroug, 2005). In this architecture they have used the
lifting scheme instead of convolution based DWT along
with Smgle Sample Overlap scheme. Single Sample
Overlap (SS0) gives the low memory block representation.
Also the lfting scheme lowers the computational
complexity of the transform. The different components in
this architecture communicates with each other with
use of shared memories and all components works in
parallel fashion. One more modification 1s done in this
architecture, i.e., Canonic Signed Digit (CSD). Canonic
Signed Digit lowers the number of computations and
decreases the area and power requirement.

Qin et al. (2004) proposed efficient arclitecture for
2D-DWT. Architecture consists of four mam block

viz. ID-DWT, Main Processor, Memory management Unit
and eight SRAM Memories. 2D-DWT is performed

as row-column DWT fashion. Once, the row DWT 1s
fimished then coefficients are stored m the SRAM and
then column DWT is performed. The coefficients obtained
from 1D-DWT unit are stored in the eight SRAM. Four
coefficients out of these coefficients are read or write in
one clock cycle. This 1s done by the memory
management unit. Tt selects the particular memories on
which the operations are to be performed. The Main
controller/processor controls all the actions performed in
this architecture. Also, the 1D-DWT 1s designed for
pipeline fashion so the throughput is also improved in
this technique.

Iwahashi and Kiya (2010) proposed the new lifting
archuitectire for Non separable 2D-DWT which 1s
compatible with TPEG-2000. The main aim behind this is to
make 2D-DWT compatible with the JPEG-2000. In this
technique, there 1s replacement of the Lifting steps of
1D-DWT mhoerizontal and vertical transformations. Also,
itis synthesized into less number of lifting steps with non
separable 2D functions. The advantages of this technique
are less mumber of lifting steps, lifting latency 1s reduced,
high throughput, etc.

Wu and Lin (2005) proposed high performance
memory efficient architecture for 5/3 and 9/7 discrete
wavelet transform of JPEG 2000 CODEC. This technique
of 2D-DWT uses column-row wise transformation. It has
three components as column processor, transposing
buffer and row processor. Row processor performs partial
transformation on column transformed coefficients. Due
to this there 1s short path of pipeline stage. Also due to
partial transformation in row processor, it reduces the
required internal memory.

Design and FPGA Implementation of improved lifting
scheme based DWT for OFDM systems is proposed by
Deepthi ez al. (2011). This technique is mainly used for the
wireless communication applications.

Mohanty and Meher (2013) proposed Memory
Efficient High-speed Convolution based architecture for
2D-DWT. This architecture have line buffers instead
of frame buffers. Also these buffers are throughput
independent. That’s why this techmque 1s very useful in
applications where higher throughput is required. In this
architecture down sampling filtering is used. Due to which
computational complexity decreases. Also the 100%
utilization of the hardware 1s done due to parallelism.
Also, there 18 reduction in power consumption than the
old convolution based architecture of 2D-DWT.

Martina and Masera (2006) proposed low-complexity,
efficient 9/7 wavelet filters VLSI implementation. Using
this technique, number of multiplications operation in
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lifting steps are reduced. Also, the there is low complexity
and achieving the high quality JPEG2000 CODEC.

Problem statement: With the increase use of multimedia
technologies, design of more and more efficient technique
for image compression is required. So, the Discrete
Wavelet Transform is introduced to overcome the issues
in Convolution based transform of for image compression.
Convolution based transform require more number of
computations and also require high memory. These
drawbacks are removed with use of DWT. DWT can be
performed with different methods as follows:

*  Direct form structure
¢ Poly phase structure
»  Lattice structure

+  Lifting scheme

Among all these technique, lifting scheme for DWT
15 well known and widely used. Lifting scheme has simple
3 steps, ie. Splitting, Lifting and Scaling. Tn this technique,
DWT filter bank i1s decomposed into sequence of lifting
steps. After that wavelet transform is decomposed using
less numbers of lifting steps of arnthmetic operations
(Multiplication, addition, etc.,) that gives the sequence of
upper and lower triangular matrices of poly phase
matrices. Tt requires the less numbers of computations and
less storage memory. Agam there 1s use of multipliers in
the lifting based DWT.

It 1s very well known that use of multipliers mcreases
the hardware cost. To overcome this issue, Multiplier less
Lifting based DWT 1s proposed. In tlus technique,
multiplication operations are replaced by shift-add
operations.

Also, there are many issued related to multiplier less
lifting based DWT. In this techmque, speed decreases
due to sequential operations held in it. Also, there are
samples available at the output with one after another.
That means it can perform single level transform. So, the
output latency 1s increased. Operations performed in this
type of transform require more no. of internal cycles. Also
there 13 less utilization of hardware due to sequential use
of lifting steps.

To overcome these problems, 1 have proposed the
parallel and pipelined architecture with improved lifting, ie.
Multiplier less based DWT. In thus technique, lifting steps
are performed in parallel fashion so the output latency is
decreased. Also due to use of pipelined architecture, there
is maximum utilization of the hardware. Also, it can
perform T levels of decomposition of the image in less no.
of internal clock cycles. By the use of multiplier less lifting
scheme, we can reduce hardware cost. So, it can be used
in high speed and low power DSP applications with

reduced cost. This technique of transform is also called as
Fast architecthure with mmproved lLfting based DWT.

MATERIALS AND METHODS

Proposed method: As per discussion above on Lifting
scheme for 2D-DWT, it is better technique than the
convolution based transform. In this techmique
computational complexity is reduced as multiplication and
addition operations are replaced by shift-add operations.
Lifting scheme for transform performs its operations in
3 computed steps as follows.

Splitting of input data set: In this phase, the input data
set is split into even and odd samples. There are down
samplers to split the mput into even and odd data sets.
The basic idea behind the splitting to break up the
polyphase matrices for wavelet filters mto upper and
lower triangular matrices. Suppose h’(z) and g’(z) are low
and lugh pass analysis filters and h(z) and g(z) are low
and high pass synthesis filters then decomposition
and reconstruction polyphase matrices are given as
follows:
h'. (z) h', (2)
p'(z) { : : }
g'.(z2) h' (2
h,(z2) h, (2)
p(z) { ) i }
g.(z) h, (z)
Predict and update: The mam aim of this step 1s to
minimize the redundancy and give compact representation
to the splt data. In this step, even data set is to predict
the odd data set and the difference between predicted
value and original one is processed and replaces it
with:
Y(2n+1) = X, (2n+1)1P(X,)

In the update stage, the even coefficients are lifted
with neighboring wavelet coefficients that 1s with odd
coefficients. This update step 1s called Primal Lifting and
predict step is called Dual Lifting phase of lifting
algorithm.

Scaling: In this step, scaling of the output is done in
order to normalize the value of the output. It 1s performed
in predict and update step itself with K and 1/K as a
normalization factors for predict and update polynomial.
This conventional lifting 15 shown n Fig. 1.

In this conventional lifting, we can see that to
calculate predict and update step coefficients, there are
numbers of multiplication and addition operations
involved. These predict and update steps are calculated
according to following equations in the lifting scheme:
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Fig. 1: Conventional lifting scheme
Pl(n) = x, (n)+a[x, (H)+XB(H+1)]} (1)

Ul(n) = x, (n)3+b[P1{n—1}+P1{n})]
P2(n) = PI{n)+c[U1(n)+U{n +1}] (2)
U2(n) = Ul(ny+d[P2(n - 1)+P2(n)]

From Eq. 2, it is clear that every lifting step require
one multiplication and two addition operations. So, T
have proposed that fast architecture with mnproved
lifting scheme. In tlus techmique, there are no
multipliers. Multipliers are replaced by the shift-add
operations.

Every predict and update stage coefficients are
calculated using shift-add operations (Fig. 2). Now it can
be replaced by shift-add operation (Fig. 3). We can see
that it uses the comparator, adder, counter and multiplexer
as main parts. Now conventional lifting 1s improved by
using above shift-add multiplier in the lifting scheme to
calculate predict and update stage coefficients as shown
in Fig. 4.

With the multiplier less lifting scheme, proposed
lifting scheme 15 shown below mn Fig. 5. To solve the

Xe (12)

xXo (1)

Xe(r + 1)

Fig. 2: Conventional coefficients calculation of hLfting
stages

COMPARATOR

Fig. 3: Proposed shift-add operations

X e (1)
Xp(m)  ---m----- * .
Xe (1)

Fig. 4: Proposed shift-add multipher for lifting for
coefficients calculation

1ssues discussed in previous study, I have proposed here
Fast architecture for the 2D-DWT for 9/7 DWT filter along
with improved lifting scheme as discussed above. The
block diagram for the fast architecture 1s given m Fig. 6.
Proposed fast architecture has the following main
blocks.
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Fig. 5: Proposed lifting scheme using multiplier less
architecture
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Fig. 6: Proposed fast architecture for ZD-DWT

TDBU unit (Input Data Buffer Unit): Tt mainly consists of
two First in First out RAMs. When input data signal is
given these are used to store mput data samples in row
transform module. It 13 used to store the data samples in

odd and even fashion ie. Even samples are stored in
RAM?2 and odd samples are stored in RAMI.

‘Wavelet unit: It consists of:
*  Two horizontal filters

+  One vertical filter
+  3SNU (Scale Normalization Unit)

Table 1: Sub band of input image

IN o1 02 03 04

0 x(0,00

1 x@©10

2 x(0,2)0 0 H(©,0)

3 x(0,30 0 L (0, 0)

4 x(20x(L,0 0 H@©,1)

5 x@Dx(,D 0 L0, 1)

6§  x(22x(,2) HQ,0 HEO HLOO HHI©O0

7 x@HxA3PD LALO L0 LLO0 LHOO

8  0x(3,0 H(, 1) H@1 HL©O1 HI@O]1)

9 0x@3 D L(,1) L1) LL@®1 LH{01

10 0x(3,2) H@GO 0 HL(1,0) HH(,0)

11 0x(3,3 LGB0 0 LL(1,00 LH(,0

12 HG LD 0 HL(1,1) HH(,1

13 LG, 0 LL{A, D) LH{OD
Proposed architecture performs 2D-DWT  row

transform first and then column transform. Column
transform 13 performed when sufficient no. of data
samples are obtained from the row transform.

The exact operation is done in following sequence: The
nput data samples are split and stored in IDBU unit
consisting of two RAMSs. Even numbered sample rows are
stored in RAM2 and odd numbered sample rows are
stored in RAM1. These samples are read in wavelet umt
at one internal cycle so they must be read at double rate
of internal cycle in TDBU unit. So to avoid the mixing of
samples the RAM memories are kept of different size.
When the even numbered rows are read mto RAM?2 first
halves rows of the data samples are transformed
concurrently. While before second halves rows of data
sample transformed reading of next odd numbered row is
done m RAMI.

When the even data samples and odd data samples
are written in HF2 and HF1 (horizontal filters) then it
performs row wise transform on it. At the end of it, there
are row (ransformed coefficients are available for next
step.

After the row transform,
performed by the vertical filter. When there are sufficient
no. of data samples available from horizontal filter then
only vertical filter perform its operation. Vertical filter
accepts two inputs differently from HF1 and HF2. Then,

column transform 1s

vertical filter generates the two sub-bands of the mput
image HH and HL or LH and LL. This 1s one-level
decomposition of an mput image. This one level
decomposition 1s shown in following Table 1.

Proposed architecture for 2D-DWT for horizontal filter:
Here we will use the two 1D-DWT horizontal filters for
even and odd rows filtering to produce the transformed
coefficients of the input data samples. The detailed circuit
diagram for proposed Horizontal filter is shown below in
Fig. 7. This horizontal filter accepts the input, processes
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Fig. 7: Proposed architecture for horizontal filter

itand gives the row transformed coefficients at its output.
When there are coefficients are available at the output
then improved lifting operation 13 done, 1.e., predict and
update lifting is done on these row transformed
coefficients.

This lifting operation is shown in fig. no. While the
row transformation in horizontal filter, it produces the
transformed coefficients as low and high frequency
coefficients alternatively at the output. When the high
pass coefficients are available then these are given back
to Processing element as shown mn Figure and low pass
coefficients are produced from it.

When the efficient row transformed coefficients
(even and odd ) are available at the output of horizontal
filter then these coefficients are given to the vertical filter
for the column transform.

Proposed architecture for 2D-DWT for vertical filter: [n
2D-DWT, there is sequential operation that is first input
sequence 18 divided into even and odd rows. Ther, it is
given to the horizontal transform. Tt performs the row wise
transformation and then finally lifting operation 1s done
on it. After that when there are sufficient numbers of
coefficients are available at the output of horizontal filter

and then these coefficients are given as mput to vertical
filter. Vertical filter performs the
transformation on 1it. This operation of column wise
transformation has much importance in fast architecture

column wise

as it is used to reduce the output latency time. To reduce
the output latency, numbers of pipeline stages are used.
Figure 8 shows the proposed architecture for the vertical
filter for 2D-DWT for 9/7 filter.

Proposed signal normalization unit: As discussed earlier,
there are 3 stages in the lifting scheme of 2D-DWT. Out of
that 3rd stage is scaling of output. Scaling is done to
normalize the output. Scaling 1s done to decompose the
into approximate coefficients and detailed
coefficients at different With  the
normalization, visibility of the edges and small important

image
levels. scale
parts of image can be improved by enlarging the high
frequency parts of an image. As we have seen, tlus
architecture is pipelined and it can be decomposed in
many levels of decomposition. For every further
decomposition, there is improvement in contrast and
edges. So with help of scale normalization umt, edge
enhancement 13 also achieved. The proposed architecture
is show in Fig. .
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Fig. 9: Proposed architecture for scale normalization unit
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RESULTS AND DISCUSSION

The proposed Fast Architecture based Discrete
Wavelet Transform using Lifting scheme 1s designed on
FPGA platform and mmplemented on verilog module. This
design is simulated in Xilinx 14.1 design tool. The various
results like synthesis report, FPGA design summary are
given below for the comparison of proposed architecture
with multiplier less architecture of 9/7 2D-DWT
(Table 2-4).

From above results of the proposed architecture and
multiplier less architecture we can observe that I have
proposed the pipeline and parallel architecture. In this
method of pipeline and parallel architecture,
decomposition of the nput string and filtering of it is
enhanced and divided into different parts. That are
executed m parallel fashion so that critical data path of the

Table 2: Design summary of multiplier less 2D-DWT architecture
Device utilization summary

Logic utilization Used Avwailable Utilization (20) Notes (s)

No. size flip flop 82 10944 1
No. of 4 input LUTs 265 10944 2
No. of occupied slices 150 5472 2
No. of slices containing only 150 130 100
related logic

No. of slices containing 0 150 0
unrelated logic

Total munber of 4 input LUTs 265 10944 2

Table 3: Design surnmary of conventional fast architecture for 2D-DWT
Device utilization summary

Logic utilization Used Avwailable Utilization (%6) Notes (s)

Number size flip flop 29 10944 1
Number of 4 input LUTs 25 10944 2
Number of occupied slices 18 5472 2
Number of slices containing 18 18 100
only related logic

MNumber of slices containing 0 18 0
unrelated logic

Total number of 4 input LTUs 25 10944 1
Number used as logic 10 10944

Number used as shift registers 15

filtering of mput string 18 mimmized. Also due use of the
pipeline architecture there i1s maximum utihzation of
hardware. Tt is very important factor in the design of
discrete wavelet transform.

I have used multiplier less architecture. In this
architecture, multipliers are replaced by shift and add
operations. We know that use of multiplier in any circuit
adds the hardware to it. Also, as the hardware increased,
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Table 4: Design summary of proposed fast architecture for 2D-DWT
Device utilization surmmary

Logic utilization Used Available Utilization (%6 Nates (5)

Number size flip flop 56 10944 1
Number of 4 input T.UTs 71 10944 2
Number of occupied slices 62 5472 2
Nurmber of slices containing 62 62 100
only related logic

Nurmber of slices containing 0 62 0
unrelated logic

Total number of 4 input LTUs 91 10944 1

Number used as logic 64
Nurmber used as route-thru 20
Number used as shift registers 17

Table 5: The comparison with respect to the slices occupied in proposed
and multiplier less architecture and conventional fast architecture

Architecture used Slices used (area)
Multiplier less architecture 497
Conventional fast architecture 72
Proposed fast architecture 209

cost also increases in that way. Due to use multiplier less
architecture, multipliers are eliminated. So, it reduces the
hardware and also the cost of hardware. In conventional
method Lifting scheme of DWT, due to use of multipliers,
there are numbers of multiplication and addition
operations held. So, the calculation complexity increases.
Due to use of multiplier less architecture calculation
complexity also decreased.

Power required or power consumed is also the
important factor in any electronic circuit. Tdeally, it should
be as low as possible. We can see that from results given
below, power required m proposed architecture 1s lower
than the multiplier less architecture. So, it good advantage
of using this method of DWT.

Comparison: The different comparison points are shown
below with reference to above design summaries of
proposed and multiplier less architectures.

Slices occupied: Table 5 shows the comparison with
respect to the slices occupied in proposed and multiplier
less architecture and conventional fast architecture. Area
required 1s one of the most important factor considered in
the design of VLSI circuit. Area required m VLSI hardware
design is decided on the number of slices used, number of
flip-flops used and number of LUT required in the FPGA
umnplementation. From above table, it 1s very clear that area
required for the proposed fast architecture 15 42% less
than the area required for the multiplier less architecture.
Area required is quiet high in Proposed fast architecture
than the conventional fast architecture. Though the
number of shift registers in multiplier increases area but
the elimination of the multipliers reduces the power
required for the designed circuit and power is critical

01749 ]
O Multiplier less architecture

, 01734 B Conventioanal fast architecture
] B Proposed fast architecture
<
>

0.172 1

0.171 — T T T 1

Power...

Fig. 10: Comparison of various elements

Table 6: The power required for multiplier less architecture

Parameter Dynarnic Quiescent Total
Supply power (W) 0.008 0.167 0.174
Table 7: The power required for conventional fast architecture

Parameter Dynamic Quiescent Total
Supply power (W) 0.008 0.167 0.174
Table 8: The power required for proposed fast architecture

Parameter Dynarnic Quiescent Total
Supply power (W) 0.008 0.167 0.174

factor considered in the electronic circuit design. So,
again 1t 18 the big advantage in using proposed
architecture on FPGA platform.

Figure 10 describes the various elements required in
the proposed and multiplier less architecture. From Fig. 10,
there are shown different components required for
multiplier less architecture, conventional fast architecture
and proposed fast architecture. From it can seen that
the no. of elements required such as no. of slices,
no. flip-flops required, no. of LUTs required are less in
proposed architecture than multiplier less architecture and
greater than conventional fast architecture. But there 1s
other advantage of proposed fast architecture, 1.e., power
consumption

Power consumption: The power required for multiplier
less architecture is shown in Table 6. The power required
for conventional Fast architecture is shown in Table 7.
The power required for Proposed Fast architecture is
shown m Table 8 As discussed in previous section,
power is important factor in the design of electronics
circuit design. Table 9 shows the comparison of proposed
architecture and multiplier less architecture with respect
to power consumption.

Table @ shows there are power required for various
types of multipliers used in the Discrete Wavelet
Transform. It 18 very clear that power required for the
proposed architecture 1s minimized greatly. So, it 1s
efficient method of discrete wavelet transform.
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Table &: The comparison of proposed architecture and multiplier
Multiplier used Power required

Modified BZ-FAD multiplier 126.00
Shitt and add rmultiplier 194.00
Booth multiplier 379.12
Array multiplier 231.50
Wallace tree multiplier 289.90
Multiplier less architecture 0.1740
Conventional fast architecture 0.1740
Proposed fast architecture 0.1720

350+

300. o Multiplie_r less architeclu_re

B Conventioanal fast architecture

250 B Proposed fast architecture

200

150

1007

i

No. of slices... No. of... No.LUTs...

Fig. 11: Comparison of power

Figure 11 shown below describes the power required
in the proposed and multiplier less architecture and
conventional fast architecture.

From Fig. 11, it shown the power consumption
required for multiplier less architecture, conventional fast
architecture and Proposed fast architecture. Tt can seen
that power required for proposed fast architecture 1s less
than other two architecture. So, it will be the better
method among three.

CONCLUSION

Discrete Wavelet Transform (DWT) is widely used in
umage compression techniques such as JPEG2000, etc.
DWT has been used for different types of applications
such as image coding, image compression, speech
analysis, pattern recognition, etc. DWT is a
multi-resolution decomposition of a signal as it
decomposes the signal in several components in different
frequency band. So, DWT always require large amount of
computational memory. In conventional DWT, there is
use of multipliers. Tt increases the cost of hardware. Also,
the computational complexity mcreases in it. Comparing
the results and comparison of multiplier less architecture
with fast architecture with multiplier less scheme based
DWT, we can conclude that it reduces the hardware cost
as multipliers are replaced by shift add operation. So, the
computational complexity. Also, there 1s less power
consumption in the proposed method as it is very
important in keeping the power consumption as low as
possible in electromics circuits. The area used on FPGA
platform 1s also one of the important factor. We can see
that the area required for proposed architecture is

reduced. So, we can conclude that fast architecture using
multiplier less based DWT is better than the multiplier less
lifting scheme.
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