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Abstract:

Nowadays, approximate computing is an emerging trend widely applied in image
processing, signal processing, and computer vision applications. Approximation is
suitable for applications which are error tolerant. In this work, approximate computing is
used in the Gaussian filtering stage of edge detection. In computer vision applications
like medical imaging, transportation etc., Edge detection plays a crucial role. In edge
detection algorithms, the Gaussian filtering block is a fundamental module. This block
involves power-consuming addition operations, resulting in increased computational
complexity, power consumption, and delay. To address these trade-offs, imprecise
computation is applied in the Gaussian filter module. The aim of the work is to reduce
computational complexity, reduction in usage of power and delay in the Gaussian
filtering module using an approximate compressor-based architecture. The proposed
Gaussian filter is designed using newly developed approximate compressors. Simulation
outcome indicates that the Gaussian filter implemented with proposed newly developed
compressors achieves decline in power and delay compared to exact and existing
implementations in literature. Error analysis and Edge Detection is performed using
different metrics in MATLAB, and the results demonstrate good PSNR values for the
proposed compressors, confirming their suitability for edge detection in image processing
applications.

1. Introduction

the computational complexity will be also very high
which leads to utilization of more resources and
increase in amount of delay and usage of power. The

The term approximation is a commoly used
technique in case of power consumption. This
approximation is mostly used in many applications
ranging from Image and signal processing to Al and
neural networks. Imprecise computing is mostly
used in the designs which are complex and consumes
a more power. The concept of approximation
defines that “in all application exact results are not
necessary, some applications can bound to
approximate results also”. The design of some
circuits will be more complex which results in
occupying more area. Due to this large circuit design

concept of approximation reduces complexity of
circuit in terms of complex circuits, also helps in
consuming less power and increases speed of
operation. The Gaussian filtering block is also
complex and contains power hungry addition
operations. A brief information about adders and
compressors is mentioned by stating why
compressors are better than adders.

Adders are basic digital circuits used for performing
binary addition. These are very important for
arithmetic operations, which are vital in many
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applications like digital signal processing, arithmetic
logic unit, memory systems etc. There are different
adder topologies for e.g., ripple-carry, carry-
lookahead, parallel prefix adders are used for
efficient addition. Approximate adders introduce
some in accurate results to achieve less power and
area. These imprecise adders are used to perform
addition with a certain level of imprecision to get
reduction in power and area. Adders perform the
operation in a sequential manner. But in compressors
the parallel operation will be done for computing the
circuit design. Compressors reduce multiple inputs
to fewer outputs. Approximate compressors are
used mainly in multipliers to lessen the stages of
partial products. Using approximate compressors
can lead to reduction in usage of power, Shows
improvement in speed and area efficiency over exact
compressor-based designs, in applications where
some error tolerance is acceptable. Some of those
error tolerant applications are image processing,
Acrtificial Intelligence, Machine learning etc.
Previous works used approximate compressors in
multipliers but there is limited research of applied
approximation in Gaussian filtering. In today’s
world edge detection plays a crucial role by enabling
computers to identify and extract important
boundaries and contours from images. This is used
in applications like object detection and
classification, autonomous driving, medical
imaging, face recognition, security systems etc.
Gaussian filter module is the main module in edge
detection which is containing more power
consumption addition operations. Improvements in
area, performance, and power consumption are
observed. Incorporating approximate computing in
the filtering module effectively reduces hardware
complexity and power usage, with a trade-off in
computational accuracy. The highlights of this work
include
- Design of two new 4:2 approximate compressors
and one new 3:2 approximate compressor.
- Design of Gaussian filter architecture using newly
developed approximate compressors.
 Design of Level 1, Level 2 and Level 3 in
Gaussian filter Architecture.
- The simulation is carried out in Xilinx Vivado and
error analysis is carried out in MATLAB Tool.

A brief background about Gaussian filter is
mentioned. Gaussian filter eliminates the noise from
input image and smoothens the image by averaging
pixel values with a weighted mask where weights
follow the Gaussian distribution. This maintains the
integrity of edges and contours in the image. The
weights of the weighted mask in both x and y
directions are calculated using equation

Gaussian kernel Equation.

1 x%+y?
G(x, y) = Jno? * e( 202/ ) (1)

X, y are pixel positions relative to the centre of the
filter. By computing the values of x and y in the
above kernel equation the weights of the mask will
be obtained. ¢ (sigma) is the standard deviation. By
taking o =1.4 as common choice and size of the
window 5*5 the below matrix is obtained.

Appeowmate Compressors

42 zppr compressor dessm | & 42 appe compressor desion 2
3:2 appr compressor & 32 zppr compressar

X

Gansuzn filter srchitectre mame 42 2
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compressoe dasign | & 3:2 appe compressor desion 2 & 532 zppr

compressoe
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Orafput parameters Power. delay &
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Tool: MATLAB

Error Metncs & Edpe Detection Quiput

Figure 1. Flow Diagram for Gaussian Filter
Architecture.
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The left matrix contains the pixel values of input
image and the right kernel contains the weights of
the mask obtained from Gaussian kernel equation.
The weighted averages obtained from the above
filter gives the new smoothened image matrix. In
next step the process edge detection is done by using
convolution mask. Here Sobel gradient operator
with two 3*3 convolution masks is used to obtain
both x and y direction gradients. The obtained new
weighted averages from above step are convoluted
with the Sobel convolution masks and obtains the
intensity gradients Gx and Gy. The equation to obtain

A B C L -1 0 1
Gx=|D E F*Z -2 0 2
G H I -1 0 1

The equation to obtain Gy

A B C 1 2 1
Gy=DEF*—000]
¢ H 1l "I-1 -2 -1

2. Theoretical Reference

The following is the literature review done on
various approximate compressors for the better
improvement of related work.

2.1 Literature work on approximate
compressors in gaussian filtering and image
processing

A Gaussian filter architecture with approximate
compressors is designed to lower the usage of power
and to reduce computational complexity of circuit
[1]. A Gaussian image filter is developed using
approximate hybrid adders. They described exact
and compressed image filters in very high-
performance ICs HDL concerning their developed
methodology [2]. Design of a Gaussian blur filter
using approximate arithmetic operations. Their
simulation results indicated that the proposed
Gaussian filter reduced energy consumption in
comparison to existing designs [3]. A less energy
consuming approximate multiplier is implemented
using approximate compressor. The design has an
18.75% error rate and consumed 15% less energy
and proposed two different multipliers for image and
video processing applications [4]. Two multipliers
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are introduced using two approximate 4:2
compressors. The designed approximate multiplier
is used in Sobel edge detection algorithm. The
design was modeled and implemented in Verilog
HDL alongside MATLAB simulations. and edge
detected output is displayed [5]. A less energy
consuming approximate multiplier is designed with
new 4:2 approximate compressor. The simulation
results showed that designed approximate multiplier
achieved reduction in MED and maximum error
distance. It was utilized in image processing
application with increase in PSNR [6]. The inexact
4:2 and 5:2 compressors are designed and utilized in
8x8 Dadda multipliers. The error metrics for inexact
4:2 and 5:2 compressors and multipliers are analyzed
and edge recognition is done utilizing Sobel operator
[7]. The 8 transistor and 14-transistor approximate
4:2 compressors are designed and results that the 14-
transistor architecture gives a lower error rate
compared to 8-transistor with a tradeoff in lower
area for higher accuracy. The compressor circuit is
also evaluated using image processing application
and the designed multiplier exhibits save in 50%
area and 93% PDP when compared to exact
compressors [8]. Design of two different 16-bit
multipliers with approximate compressors. The
results showed that two multipliers achieved 72%
and 38% of power saving compared to exact
multiplier. Also, the precision, mean relative error
also resulted good and the multipliers are tested
using image processing application [9]. The Dadda
multiplier integrates a newly developed 4:2
approximate compressor aimed at reducing
approximation error. The results showed that the
multiplier with the developed approximate
compressors demonstrate a notable decrease in error
rate relative to other approximate designs. They also
offer improvements in power efficiency, speed, and
area utilization compared to exact compressors, and
are effectively applied in image processing. [10].

2.2 Literature work on approximate
compressors in multiplier designs

Design of 8x8 and 16x16 multipliers using high
accuracy results indicate that the designed
approximate 4 to 2 compressors provide an 18%
improvement in delay and a 43-52% reduction in
area—delay product, while consuming less power and
offering superior performance. [11]. Design of an
approximate multiplier architecture using developed
4 to 2 approximate compressor. The error is
mitigated using a simple error-correcting unit.
Experimental results indicate that both power
consumption and the power—delay product are
reduced compared to exact compressors. [12].
Comparison of various approximate 4 to 2
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compressors which are already present and design 12
new approximate compressor designs. These designs
were implemented in 8x8 and 16x16 multipliers, and
it was noted that no identical winning approximate
compressor topology exists. Each model is unique
and the best solution depends on the required
precision [13]. Design of an 8-bit multiplier using
three novel approximate 4 to 2 compressors and an
error correcting unit is designed to get better error
performance. The simulated performance indicated
that the designed approximate compressors achieved
better energy efficiency and timing performance
occupied less area [14]. We designed a new 4-gate
4:2 approximate compressor, complementary to
earlier designs, and implemented a hybrid multiplier.
Experimental results demonstrate that the hybrid
multiplier provides an effective balance between
accuracy and performance and exhibits a lower
PDAP than the exact multiplier [15]. Two
approximate 4 to 2 compressors are developed using
circuits which reorders input and combinational
input probabilities. An approximate multiplier is
designed using this compressor. The multiplier
designs utilized lower energy because of acceptable
inaccuracy in the output, which suits for image
processing applications [16]. Two novel
approximate compressors are designed with zero
mean error for applications which tolerates error.
The performance evaluation (ED, MED, MRED,
NMED & PDP) are analyzed and results showed the
trade-off between accuracy and hardware efficiency
[17]. Two 4:2 approximate compressors were
proposed to enhance the energy efficiency of
approximate multipliers. The proposed designs
resulted in better improvement by maintaining low
approximation errors compared with previous
designs. These are applied in image sharpening
application [18]. Two power aware 4:2 approximate
compressors are designed. The designs resulted
improvement in power and delay reducing the PDP
by 66.7% and 79.1%. The efficiency of energy is
also improved [19]. Less energy consuming designs
of 3 to 2 approximate adder compressors and three
different approximate 4 to 2 adder compressors are
designed and compared with existing designs. The
results showed the improvement in energy efficiency
[20]. Analyzing various 4:2 approximate compressor
architectures in terms of their performance
characteristics are done and designed a 4 to 2
compressor. The power and timing metrics are
performed and checked with the existing ones [21].
An approximated multiplier architecture is designed
using approximate compressors. Low power circuits
for approximate multiplication are designed using
the approximated 4:2 compressor. The results
showed that the design resulted in less power [22].
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3. Materials And Methods
3.1 Exact Compressors

Before going to the new proposed approximate
compressors, this is a brief information about exact
compressors. Exact Compressors are basic
combinational logic circuits. The use of compressors
reduces the number of stages in partial product
accumulation in  arithmetic  operations like
multipliers or convolution in filters. 3:2 and 4:2 are
the common compressors used in digital arithmetic
circuits like multipliers, filters, etc. Exact
compressors sum several binary numbers efficiently.
When several operands are added the carry
propagation should be avoided. These several
operands can be efficiently reduced by using
compressor structure.

Figure 2a shows the exact 3:2 compressor takes X1,
X2, and X3 as inputs to generate sum and carry
outputs, and its gate-level structure is depicted in
Figure 2b.

A B C
Exact 3:2 Compressor

oy

Sum Carry

Figure 2a. Exact 3:2 compressor.

1 2 3
=
Sum Cout

Figure 2b. Structural representation of Exact 3:2
compressors using logic gates.

Figure 3a shows block level representation exact 4:2
compressor which takes inputs as X1, X2, X3, X4
and Cin and produces sum, C1 and Cout as outputs
and Figure 3b shows the structural representation of
Exact 4:2 compressors using logic gates.
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Exact 4:2 Comprassor

Cl — [€— Cm

Figure 3a. Exact 4:2 compressor.
X1 X2 X3 4
Exact 3:2 Comprassor

Cl(—l

=

Exact 3.2 Compressor

Vo

Sum Cout

Figure 3b. Structural representation of Exact 4:2
compressors using logic gates.

Here Cin is the optional carry in input which comes
from the previous stage of compressor and Cout is
the output which goes to the next stage compressor.
The precise 4:2 compressor is designed using two
exact 3:2 compressors nothing but two full adders.
The structure is not simply extension of a full adder
but it helps to reduce the depth of the reduction
network. This enables faster and parallel
accumulation.

3. 2 Proposed Approximate Compressors

Presented here are two newly proposed 4:2
approximate compressors and a 3:2 approximate
compressor, designed to achieve low error rates.
These proposed designs help to reduce power
consumption and also reduces computational
complexity.

3.2.1 Proposed Approximate 3:2 Compressor

This presents a new 3:2 approximate compressor
with less complexity in circuit and which gives
better improvement than existing ones. Figure 4
represents the  Structural representation of
approximate 3:2 compressor using logic gates which
takes inputs as A, B and C and producing
approximate sum and Cout as outputs.
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c ) —

Figure 4. Structural representation of Approximate 3:2
compressor using logic gates.

This newly developed approximate 3:2 compressor
is designed using one OR gate and one EX-OR gate
which represents that the design is very simple with
a smaller number of gates and transistors when
differentiating with precise 3:2 compressor which is
present in Figure 2a and 2b. This design gives
improvement of power consumption and delay. The
logic expressions for Sum and Cout are given as

Approximate Sum

Sum=A+(B&C) (2)
Approximate Carry
Cout = A 3

This design differs the output from exact 3:2
compressor only for two input combinations, “101”
and “110”. Except these two input combinations for
remaining all input combinations the output is same
for both approximate and exact compressors. The
rate of probability of error in this design in 2/8 which
is a minimal error with reduction in delay and less
usage of power.

4:2

3.2.2  Proposed with

Approximation

Compressors

This section presents two newly developed
approximate 4:2 compressors. The compressors give
reduction in power and the design complexity is also
less. The additional signals Cin and C1 which are
present in exact 4:2 compressor in Figure 3a and 3b,
are discarded in our proposed approximate 4:2
compressors. Figure 5 and Figure 6 shows the
Structural representation of two approximate 4:2
compressors using logic gates. Figure 5 is the newly
developed design 1.
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> From Table | we can observe that the output of this
] Cout design 1 approximate compressor differs with the

output of exact compressor only for 4 input
A combinations, “0101”, “0110”, “1001”, “1010”.
The rate of probability of error with this design is
B
4/16.
Figure 6 presents the newly developed
Sum . . :
approximate 4:2 compressor design 2.
C i jl E, Cout
D )i: T —

AL\
s _J R —
Figure 5. Structural representation of newly developed i —

Approximate 4:2 compressor Design 1 using logic gates. i }\— sum
c ¥\ —'

The design 1 consists of two EX-OR and two OR .4,:' *4

gates. The logic expressions for proposed design 1 D A=

are obtained from the truth table from Tablel. Figure 6. Structural representation of Approximate 4:2

. compressor Design 2 using logic gates.
Approximate Sum

_ The design 2 consists EX-OR, AND, OR and
Sum = (A® B) +(C S D) (4) EX-NOR gate of each which shows that the
design is less complex. The logic expressions

Approximate Carry for design 2 are obtained from the truth table

Carry=A+D (5) present in Table 2.
Table 1. Truth table for newly developed Approximate Table 2. Truth table for newly developed
4:2 Compressor Design 1. Approximate 4:2 Compressor Design 2.
Inputs Approximate Sum Inputs Approximate
Outputs (Exact) rf})ut uts ES:;;;t)

A|B1CID ( iggl) Cout Al B |c|D | 2;“) cout | ¢

0|0 00 0 0 0 0| 0 |[0] O 0 0 0
0|0 0|1 1 0 1 0|l 0 |0] 1 0 0 1
o |0, 10 1 0 1 0| 0 |1]0 0 0 1
010 11 0 0 0 0| 0 |1]1 0 0 0
011100 1 0 1 0| 1 |0]| O 1 0 1
01|01 1 0 0 ol 1 |0 1 0 0 0
01|10 1 0 0 ol 1 |1]0 0 0 0
o 1|1 1 1 0 1 o 1 |1] 1 1 0 1
17000 1 0 1 11 0 |0] O 1 0 1
17001 1 1 0 1] 0 0] 1 0 1 0
170140 1 0 0 1] 0 [1] 0 0 0 0
17011 1 1 1 1] 0 [1]1 1 1 1
11100 0 0 0 1] 1 |0] O 0 0 0
11101 1 1 1 1] 1 0] 1 0 1 1
1171710 1 0 1 11 1 |1]0 0 0 1
11111 0 1 0 111 |1]1 0 1 0
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Approximate Sum

Sum = (A® B)(COGD)  (6)
Approximate Carry
Carry=A+D (7

From Table Il we can observe that the output of this
design 2 approximate compressor differs with the
output of exact compressor only for 4 input
combinations, “0001”, “0010”, “1101”, “1110”.
The rate of probability of error with this design is
4/16.

3.3 Design of Gaussian Filter Architecture Using
Proposed Approximate Compressors

The general logic of Gaussian filter involves shift
and add logic. In stagel the pixel coefficients are
shifted to left with a certain amount based on their
corresponding weights.  Generally, in filtering
operations like Gaussian or any other filter the
weights might not be the exact powers of two. So,
to simply the hardware and to equivalent the
weights the shifting operation is used instead of
multiplication or division. Rather than
multiplication or division this shifting operation is
faster and also cheaper in hardware.

In stage 2 the left shifted coefficients are computed
using compressors. The generic logic of Gaussian
filter involves adder circuits in the place of
compressors. But it is mentioned that using adder
circuits results in more power consumption,
computational complexity and usage of more
resources. So, rather than using adders the stage 2
was replaced by using compressors. In stage 3 the
compressed coefficients are given to final result
using right shifting logic. The main aim is to design
stage 2 with appropriate compressors.  The
Gaussian  Filter  Architecture using newly
developed Approximate Compressor designs is
shown in Figure 7.

This design of Gaussian filter architecture is
developed using two proposed approximate
compressor designs which are present in Figure 5
and Figure 6. The first Gaussian filter architecture
is designed with newly developed 4:2 compressor
design 1 with approximation and newly developed
3:2 compressor with approximation. The developed
4:2 compressor design 1 is placed in level 1, level
2 and developed 3:2 compressor design in level 3.
The second Gaussian filter architecture is designed
with newly developed 4:2 compressor design 2
with approximation and newly developed 3:2
compressor with approximation. The developed 4:2
compressor design 2 is placed in level 1, level 2 and
developed 3:2 compressor in level 3.

al a5 a2l 25 a2 a4 a6 al) a22 a2dalé a20 all a3 al5 a23 a7 a9 al7 a9 a8  ald a8 al2 al3
¥ ¥ s ¥ s ¥ l
Pobat 4:2 approsumate | |Pobet 4.1 approximate | | P-but 4.2 approximate (Pt 4:2 approximate | | P-bt 4.2 approximate | (Pobet 4:2 approxsmate | |Pobet 4.1 approxmmate | (Pobit 4:2 approximate | |P-bat 4:2 approximate
COMPIe3a0T compreasor COMPTEA0T Compressar COMprERIOT COMmpresa0r COHIprEasor compressar compressor C)
Level 1| ‘ ‘

!

Level 2 Pobit 4:2 approximate
compeesson

Pbit 4:2 approximate

COMmpressor

‘4

P-but 3:1 appromimate

Level 3

compresiar

Out

Figure 7. Design of Gaussian Filter Architecture using newly developed Approximate Compressor designs.
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3.3.1 Design of Levels in Gaussian Filter
architecture

The stage 2 contains mainly 3 levels. And the top
input layer consists of 25 inputs, labelled as pixels
from a 5x5 window. These inputs are grouped into
clusters and each cluster is fed into a 4:2
approximate compressor in level 1. The level 1 is
the first compression layer which consists of nine
4:2 approximate compressors. These compressors
are labelled with bit widths like P-bit. These bits
are labelled based on the pixel coefficient weights.
Each compressor takes four values as input and
compressors to two outputs. These outputs are
grouped and passed to level 2 compressors. The
level 2 consists of two approximate 4:2
compressors again labelled with bit widths P-bit.
These take the compressed outputs from Level 1
and further reduce the number of partial sums.
Level 3 consists of a single approximate 3:2
compressor of bit width P. The compressed outputs
from level 2 are given this 3:2 compressor which
comprises three inputs into two outputs. After this,
additional basic arithmetic operations subtraction
and addition are applied to adjust the final filtered
value. These operations are used for weight
corrections based on Gaussian weights. After these
arithmetic operations the final output will be
produced.

4. Results and Discussions

This section presents obtained results and
observations of proposed designs. Code for
proposed designs and code for Gaussian filter
architecture with two proposed designs was written
in Verilog and implemented using Xilinx Vivado
2023.2. After simulation the power and delay are
observed for Gaussian filter architecture with both
proposed designs. Table 3 gives the power and
delay comparison parameters of Gaussian filter
architectures with proposed designs against
existing designs.

Table 3. Power and Delay of Gaussian Filter
architectures with newly developed against Existing

designs.
Compressor Power Delay
Design (Watt) (Nano
seconds)
S. Guturu [1] 1.548 2.436
Venkatachalam 2314 3.434
[9]
K. M. Reddy [10] 3.506 4.329
Proposed Design 1 1.306 2.302
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1.100 2.344

Figure 8 represents the graphical representation of
power and delay comparison of Gaussian filter
architectures with proposed designs against
existing designs.

Proposed Design 2

From Table 3 and Figure 8 it can be examined that
the power and delay of the newly developed
designs is comparatively less than the power and
delay of existing designs.

Table 4: Comparison of Error evaluation for newly
developed designs with existing designs. (MED,

MRED, NMED)
Compressor | ;e | MRED | NMED
Design
S. Guturu [1] 1.00 01250 | 0.1250
Ve”kafgi’ha'am 300 | 02750 | 0.3350
K. M. Reddy

[10] 4.00 0.3980 | 0.4580

Proposed 1.00 0.1250 | 0.1250
Design 1

Proposed 2.00 0.2500 | 0.2500
Design 2

Power and Delay Comparison of Designs

L CrrRTC, RO
| == Power (W)|
| s Delay (ns)

4329

Value
'

Figure 8. Graphical representation of power and
delay comparison of Gaussian filter architectures
with proposed designs against existing designs.

From Table 3 and Figure 8, it can be examined that
the power and delay of the newly developed
designs is comparatively less than the power and
delay of existing designs. And also, it can be
examined from Table 11l that Proposed imprecise
4:2 compressors are more power-efficient than
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existing designs, with Design 1 outperforming
Design 2 in power and delay.

The error analysis is also carried for newly
developed designs and existing designs in
MATLAB. Inbuilt test images, including Lena,
were utilized to assess performance through
metrics like Mean Error Distance, Mean Relative
Error Distance, Normalized MED, Bit Error Rate,
Mean Squared Error, and Peak Signal-to-Noise
Ratio. Table 1V gives the comparison of different
error metrics for both proposed designs and
existing designs.

Table 5. Comparison of Error evaluation for newly
developed designs with existing designs (BER, MSE,

PSNR).
Compressor o PSNR
Design BER (%) MSE (dB)
S. Guturu [1] 12.50 64.00 30.07
Venkatachalam
[9] 27.00 38.00 30.05
K. M. Reddy
[10] 28.50 40.00 29.89
Proposed 12,50 1600 | 36.09
Design 1
Proposed 25.00 36.00 | 3257
Design 2

Figure 9 represents the graphical representation of error
metrics comparison for both proposed designs and
existing designs.

Comparison of MRED, NMED, and PSNR

e MRED
% ~ NMED

Yoo
e
=

lllll

{
.—.—I'SNR (dB)l

N =
o o

Dulg;.
Figure 9. Graphical representation of error
metrics comparison for both proposed designs
and existing designs.

From Table 4,5 and Figure 9, it can be examined
that the Proposed Design 1 results in the low MED
of 1.00 bits and low Bit error rate of 12.50%.
Also, it can be examined that the PSNR of the both
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proposed designs results good when compared with
the PSNR of existing designs. This result of PSNR
obtained from proposed designs is acceptable and
suitable for better image quality in edge detection
application.

The proposed design 2 has slightly a higher MED
of 2.00 bits and BER of 25%, but surprisingly it
resulted in high PSNR of 32.57dB. This suggests
that even its bitwise accuracy is lower than
proposed design 1 and existing design [1], its
impact on overall image quality is less severe. This
is probably due to its nature of approximation
reducing high frequency noise. The existing design
[1] having similar bitwise metrics with Proposed
design 2 but results in lower PSNR. This highlights
the effectiveness of proposed compressor-based
architectures. The final analysis shows that both
proposed designs are better and suitable than
existing designs for hardware-efficient gaussian
filtering in Edge detection application. The Edge
Detection was carried out in MATLAB. From the
obtained approximated output from above
Gaussian filter architecture, the approximated 5x5
Gaussian kernel was obtained. This approximated
Gaussian kernel is convoluted with original image
5x5 window with 256-pixel range. The sample
image Lena is taken as original input image. After
the image gets smoothened and obtained
smoothened image is convoluted using Sobel
operator for Edge detection.

Original Image

Edges {Sobed)

Figure 10. Edge Detection using Exact Compressors.

Criging Image Edges (Sobel)

o W

Figure 11: Edge Detection using Proposed
Approximate Compressor Design 1.
Edges {Sobel)

Original Image

Figure 12. Edge Detection using Proposed
Approximate Compressor Design 2.
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From above figures it can be examined that both
proposed designs are very near to the exact designs.
It can be observed that each application is almost
same with minimal change and with permissible
error. This shows that the proposed designs are
suitable for real world applications.

5. Conclusions

In computer vision applications like medical
imaging, transportation etc., Edge detection plays a
crucial role. In this edge detection, the Guassian
filter module is the fundamental module. This
gaussian filtering block involves more power
consuming addition operations which results in
more computational overhead, energy
requirements, and propagation delay. This work
aims to get the improvement in computational
complexity, power consumption and delay. So
instead of adders and exact computing, approximate
compressors are utilized. Two 4:2 and one 3:2
approximate compressors are developed and
deployed in a Gaussian filter design. The results
showed that the usage of power and delay of our
proposed designs are less compared to previous
designs. The error analysis metrics are done in
MATLAB and resulted better PSNR and accuracy
with Proposed designs when compared with
Existing design. The application part was carried
out in Edge detection and observed that the
proposed designs are very close to exact and
existing designs which shows that these proposed
designs can be used in real world scenarios.
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