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Abstract— whenever the one form of image is converted to
another form, the degradation occurs in the quality of the
original image. Therefore to improve the visuality of the image,
the image enhancements techniques are used for the
improvements. These Techniques are the contrast stretching,
brightness control, invert operation, threshold operation etc.
The image enhancement can be done with the help of the both
software implementation and hardware implementation. But
as the hardware implementation has better performance than
the software implementation therefore we use the configurable
system that is in real time to enhance the image quality. Image
processing with the help of hardware description languages is
the technique with new approach in the area of digital system
design using VLSI.

Index Terms— FPGA, Digital Image Processing, VLSI,
Verilog, HDL, Image Enhancement

I. INTRODUCTION

Image processing is the technique that is used to convert the
image in to the digital form and then perform some operation
on it, to enhance the image quality. Mainly there are three
major problems due to which image processing is developed,
these are image digitization, image enhancement and
restoration and image segmentation. A digital image is an
image that has been represents using a discrete quantity both
in the spatial coordinates and in the brightness. A digital
image is formed of the pixels. This pixel is illuminated by the
light. Grey level is the digitized brightness value and it is
represented by 2b. The number of bits B, require to store the
image with size a x a is given by

B = a x a x b bits

Digital image processing (DIP) is the process to
manipulate and analyze image with computer. Image
enhancement can be done in the two domains. One is the
Spatial domain techniques and other one is the frequency
domain techniques.

Image Enheancement
Techniques

Spatizl domain Fraquency domain

Fig.1 Domains for the implementation of the image
enhancement

The spatial domain is mainly based on the direct
implementation on pixels of the image where the frequency
domain modifies the Fourier transform of an image for the
improvement in the quality. The image enhancement in
spatial domain the following processing methods are used
like inverting image, contrast manipulation, threshold
operation, brightness manipulation. Implementation of
complex computational functions on the hardware with the
help of parallelism and pipelining, it reduces the execution
time. The features make FPGAs superior in speed as
compared to other hardware. Therefore, for implementation
of image processing, It is assumed that mainly impulse noise
or Gaussian noise is present in the image. The impulse noise
only affects the some pixels but the Gaussian noise affects the
values of all pixels. The image is enhanced when we remove
additive noise from image and increase its contrast and
brightness.

Il. REVIEW OF LITERATURE

Luliana et al. [1]: have discussed the series of the filters to
increase the quality of the image. In this paper HDL code is
written in Verilog language for the filters of new series like
edge detection and proper brightness.

Luliana et al. [3]: have discussed the image enhancement
techniques with point operation by using the Verilog code
that is a hardware description language. In this image is
enhanced by using the point operation like brightness
enhancement,  contrast  stretching, inverting and
thresholding operations.
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Grigore T. Popa et al. [7]: have discussed the benefits of
hardware implementation using Field Programmable Gate
Array over software’s for implementation of DIP
applications.  This described the implementation of
configurable system in real time such as thresholding,
inverting operation etc.

N Sachdeva et al. [16]: have discussed the implementation
of mean formula using FPGA in hardware device..

Kalyani A. Dakre et al. [11]: have discussed the algorithm
for the improvement of image quality. In this the algorithms
like brightness control, thresholding, contrast stretching etc.
is used.

Yahia said et al. [12]: have discussed to improve the time of
implementation with the help of hardware description
language (HDL) from a MATLAB description using Xilinx
AccelDSP. block have proposed for 65nm CMOS
technology. And also gain in forward loop to make the
system stable.

Il METHODS OF IMAGE ENHANCEMENT

The methods given below are used to increase the visual
quality of the images using point operations. The results of
images processed are more suitable for the specific
application than the original image.

Idethods to enhance the
image

AN

Histogram
manipulztion

Smoothing Sharpenimg

Fig. 2 Methods to enhance the image

Noise removal and contrast stretching are the operations that
are usually used to increase the image quality. In this section
discusses the generally used techniques, these are:

1) Brightness adjustment

2) Histogram Equalization

3) Contrast adjustment

A. Brightness Adjustment

With the help of energies recorded by sensors, the
brightness for different pixels is created. Controlling
brightness is the technique to increase the grey levels of each
pixel such that it enhances the image quality with lower
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brightness. If the images are captured in poor light then the
visuality of the image will not be clear. To resolve this
problem, brightness adjustment is the good option and this
shows the image clearer. But here we should the constant
value wisely so that the grey value ranges within 0-255. If
the grey level value increased above the 255, then it loses the
information that the image carry. Brightness control
algorithm is given by:

Io(p, c) +h il ip o +h==233
Jopel = 235 . i (p, )+ =235

H should be greater than or equal to Zero and k variable
belongs to 1, 2 and 3 that is the band index. I (p, c) is the
color level of pixels of input and J k (p, ) is of output pixels
(p, ¢). Therefore to modify the brightness, the grey level of
image must be lies from 0 to 255.

B. Histogram equalization

The histogram of an image is that diagram which shows
frequency of every intensity value from pixel element of
image. The high value of the histogram shows that with this
intensity the numbers of pixels is high. If the histogram value
is low, then the total number of pixels exists in the image at
that intensity is low. Brightness and contrast of the image can
be shown by the histogram.

Consider an image with p x q pixels. The calculation for
histogram can be given as

G @)= T2, Tk

Where K is equal to 1when f(p, q) is equal to i and Kk is
equal to 0 when f(p, q) is not equal to i and f(p, q) shows the
value of intensity at the co-ordinate (p, g) in image.

It allows lower contrast to acquire a higher contrast. This
type of method is used for when both the foregrounds and
backgrounds are bright and dark.

The formula for histogram equalization is given by:

A(ed flvl—ed frn g
G (v) = romnd (ﬁf_\-l}}

Cdfyin is the cumulative distribution function, PxQ provides
the number of pixels where N shows quantity of grey levels in
image.

C. Contrast Adjustment
Contrast adjustment technique is used to improve the
image quality with the increment in intensity values.

Contrast method is mostly used in the field of medical to
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enhance the image visibility. The image with low contrast
may be obtained when the image is either captured in the low
light or sensor of camera is not well.

IV. PROPOSED ARCHITECTURE

In Figure 3, the proposed architecture is as shown.

Inputimage -
putmag Imag.h Contrast i
smoothing p| Enhancement
Limear
‘ Techniques
Enhznced image

Fig. 3 Architecture to be proposed

This architecture consists of three steps, these are the image
smoothing, second one is the contrast enhancement and last
one is the linear techniques .

A. Image Smoothing

Smoothing techniques are used to reduce the noise present
in the image. It also identified as a filter because it remove
the high frequency from the image and increase the signal
that have low frequency. The main aim of this technique is
to decrease false pixel values effect in the image. Smoothing
filter is also called low pass filter. It also reduces the
irrelevant details. It blurs the edges of the image; it is one of
the side effect.

In this process two operations takes place.

Moving window architecture: In this architecture take an
image of 256x256 size and gives as the input. This masks
the input and start to perform computation for each and
every 3 by 3 matrices and this operation repeats itself till it
performed the 65536 values. In this type of architecture D
flip flops are used. D flip flops are shown in Fig 4.
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Data in normal output
D Q I
I Q | inverted output
Clock
Fig. 4 D flip flop

Arithmetic mean filter: An arithmetic mean filter is used to
remove the Gaussian noise that is present in the image. The
arithmetic mean is the average of the pixels that are located
in local area of the image.

Mean = (sum of brightness value observation) / (number
of observations)

B. Contrast Enhancement

Contrast enhancement is the simple technique to enhance
the image by improving the contrast of the image. Wrong
setting of lens aperture and poor illumination is the reasons
for low contrast images.

s=Ti1)
1

¥

Dark €— Light

Fig.6 Representation of thresholding values

C. Linear Technique

With the help of linear techniques, implementation of VLSI
can be done easily for image enhancement. It plays the
significant role w.r.t. hardware utilization. The hardware
consists of an adder, two subtractors and a sifter for linear
technique enhancement. Here shifter behaves like divider
and the final result is received from the adder.
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V. ARCHITECTURE OF IMPLEMENTED

ALGORITHMS
In Figure 7, figure 8 and figure 9, the RTL schematic of the
algorithms used for contrast stretching, brightness

adjustment and histogram equalization respectively.
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Fig. 7 Brightness adjustment (RTL schematic) [2]
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The RTL schematic (brightness adjustment technique)
consists the following circuits that are comparator, adder,
D-flip flops, and 4 is to 1 multiplexer. Here the adder bit is of
8 bit used to add the brightness value to input pixels when the
result of comparator is 1. And the output of comparator is
true when the sum of brightness factor and input pixel is less
than 255 otherwise it is a false value. And the multiplexer
gives the output either the original pixel or modified pixel of
the image. Output pixel is of 8 bit but the output of
multiplexer is of 1 bit. Therefore in this architecture eight 4is
to 1 mux are used.
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Fig. 8 RTL schematic of contrast adjustment technique [2]

This RTL schematic (contrast adjustment technique)
consist D -flip flops, multiplier and 4 isto 1 mux. Multipliers
are used to multiply the input pixel of 8 bit with a value of k.
After multiplier eight D flip flops are used. Output pixel is of
eight bit but the output multiplexer is of 1 bit therefore eight
multiplexers are used in this.
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Fig. 9 RTL schematic of histogram equalization technique
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This RTL schematic (histogram equalization technique)
consists of multipliers, D -flip flops, subtractor and 4 is to 1
multiplexer. Subtractor is used for the difference between cdf
pixel of input and minimum cdf value. Multiplier multiplies
the output of the subtractor with a constant factor. And then
finally multiplier gives the modified values of pixel. Output
pixel is of eight bit but the mux output is of one bit. Therefore
eight 4x1 multiplexers are used to get the pixel output of
eight bits.

VI. IMPLEMENTATION OF IMAGE PROCESSING
ALGORITHM USING VERILOG CODE

In this section describe the implementation of point operation
using Verilog HDL most commonly used for image
improvement that are:

a) Brightness manipulation

b) Contrast operation

c) Inverting image

d) Thresholding

A. Brightness manipulation

Fig. 10 shows the Verilog block of point operation for
brightness control.

Brightness_QOperation
Bin(T.0) Bout(7:0)
Gne |
e — | Sour0)

wlue(70) |

N —|_Rout(7:0)
data_in_ready |
reset |
sign | | teady
A 4
Brightness_Operation

Fig. 10 Verilog blocks for brightness operation [3]

The main aim of written Verilog code for brightness
operation is to add or subtract the constant factor in pixel
value of image.

Table 1 and Table 2 show the Verilog code to add up and
subtract the constant factor from the pixel value. The
addition operation increases the brightness or visibility of the
image but the subtract operation reduce the image brightness.
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Table 1 Verilog code used for brightness manipulation
(addition) [3]

if(signl==1)

begin

tempR1 = Rinl + valuel;
if (tempR1 > 256)

Routl = 255;

else

Rout 1= Rin1 + valuel;
tempG1 = Gin + valuel,;
if (tempG1> 256)
Goutl = 255;

Else

Goutl = Gin + valuel;
tempB1 = Bin + valuel;
if (tempB1 > 256)
Boutl = 255;

else

Boutl= Bin + valuel;
end

Table 2 Verilog code used for brightness manipulation
(subtraction) [3]
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Contrast_Operation

Bin{7:0) Baut(r:0)
Gin(T.0)
Rin(7:0)
| Gout(:0)
threshold(T:0)
valuaToadg(T.0)
wolueToSubsiract{7.0) |_RoutiT.0)
ek |
data_in_ready |
| ready
reset |

Contrast_Operation

Fig. 11 Verilog blocks for contrast operation [3]

Table 3 and Table 4 show the Verilog code for contrast
operation with addition and subtraction.

Table 3 Verilog code for contrast (addition) operation [3]

if(sign ==0)

begin

tempR1 = Rinl —valuel;
if (tempR1[8] == 1)

Rout =0;

else

Rout = Rinl — valuel;
tempG1 = Gin —valuel;
if (tempG1[8] ==1)
Gout=0;

else Gout = Gin — valuel;
tempB1 = Binl —valuel;
if (tempB1_b[8] == 1)
Bout 1=0;

else Boutl = Binl- valuel;
end

if (value > threshold1)

begin

tempR1 = Rinl + valueToAdd1;
if (tempR1 > 256)

Rout = 255;

else

Rout = Rinl + valueToAdd1;
tempG1 = Gin + valueToAdd1;
if (tempG1 > 256) Gout = 255;
else Gout = Gin + valueToAdd1;
tempB1 = Binl + valueToAdd1;
if (tempB1 > 256) Bout 1= 255;
else

Boutl = Binl + valueToAdd1;
End

B. Contrast operation

Fig. 11 shows the Verilog block of point operation for
contrast control.

Table 4 Verilog code for contrast (subtraction) operation [3]

if (value < threshold1)

begin

tempR1 = Rinl — valueToSubstractl;
if(tempR1[8] == 1)

Routl =0;

else

Routl = Rinl — valueToSubtractl;
tempG1 = Gin 1- valueToSubtractl;
if(tempG1[8] == 1) Goutl = 0;

else

Goutl = Ginl — valueToSubtract1;
tempB1 = Binl — valueToSubstractl;
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if(tempB1[8] == 1)

Boutl =0;

else

Boutl = Binl—valueToSubtractl;
End

C. Inverting Image

In this operation reverse the all contrast range that produces
the photographic negative. As an example X ray images are
detected using negatives. Figure 12 shows the Verilog block
for invert image processing.

Table 5 shows the Verilog code for inverting image
processing.

Invert_Image
4 N
Bn(7.0) | ___ | Boul(T:0)
Gn(o) |
__ | Gout(70)
Rin(:0) |
ok | ___| Rout(7:0)
data_in_ready |
| ready
reset |
A A
Invert_Image

Fig.12 Verilog block for invert image operation [3]

Table 5 Verilog code used for inverting image operation [3]
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Thresholding
N

Biniz0) | __Boul(7:0)
cin(z.00 |
e

threshold(7:0) |

Gout(7:0)

clk Rout(7:0)
data_in_ready

reset ready

A 4
Thresholding

Fig. 13 Verilog code for thresholding operation [3]

Table 6 shows the Verilog code for the threshold operation.
In this id the pixel value is greater than the threshold then
red, green, and blue pixels contain the value 255 and if the
pixel value is less then threshold then it take O values.

Table 6 Verilog code for thresholding operation [3]

value2 = (Rinl + Gin 1+ Bin1)/2;
valued = (Rinl + Gin 1+ Bin1)/4;
valuel = (value2 + valued)/2;
Rout 1= 255 — valuel;

Goutl = 255 —valuel;

Boutl = 255 — valuel;

if (valuel> threshold1)
begin

Rout 1= 255;

Goutl = 255;

Boutl = 255;

end

if (valuel < threshold1)
begin

Routl =0;

Goutl =0;

Bout 1=0;

End

D) Thresholding

Thresholding method converts the all pixel values in two
values. Figure 13 shows the Verilog block for thresholding
operation.

VII. CONCLUSION

For signal processing use the hardware description
languages is the quite new approach. It takes the input data in
the HDL readable form and passed through the virtually
circuit which described with Verilog HDL. And then again
convert in to the signal. There are many important
advantages when use this technique. One of the advantage is
that hardware implementation is always better then the
software implementation because of faster operation done by
hardware.

Image enhancement methods provide a large variety of
approaches to improve the visuality of the image. Input
Image is enhanced either in spatial domain or in frequency
domain. Here the operations for image enhancement are
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described by using the Verilog HDL. Verilog HDL cannot
operate with the image format that’s why first converting the
image in to binary form. In this image enhancement methods
are implemented by using the point operations like
brightness operation, contrast stretching, inverting operation
and thresholding operation.

REFERENCES

[1] An Approach to the Verilog-based System for Medical Image Enhancement
The 5th IEEE International Conference on E-Health and Bioengineering
-EHB 2015 Grigore T. Popa University of Medicine and Pharmacy, lasi,
Romania, November 19-21, 2015.

[2] J.C. Ross, The image processing handbook, 6th edition, CRC Press, pp
270-331, 2011.

[3] 1. Chiuchisan, M. Cerlinca, “Image Enhancement Methods Approach
Using Verilog Hardware Description Language”, 11th International
Conference on DEVELOPMENT AND APPLICATION SYSTEMS,
Suceave, Romania, May 17-19, 2012.

[4]1 S. Sowmya, R. Paily, “FPGA IMPLEMENTATION OF IMAGE
ENHANCEMENT ALGORITHMS?”, ISBN 978-1-4244-9799-7, pp. 11,
IEEE 2011

[5] Vijay A. Kotkar, Sanjay S. Gharde, "Review Of Various Image Contrast
Enhancement Techniques", International Journal of Innovative Research
in Science, Engineering and Technology Vol. 2, pp. 2786-2793, July
2013.

[6] J. Fowers, G. Brown, P. Cooke, and G. Stitt, “A  Performance and Energy
Comparison of FPGAs, GPUs, and Multicores for Slidingwindow
Applications,” in Proceedings of the ACM/SIGDA International
Symposium on Field Programmable Gate Arrays, New York, NY, USA,
2012, pp. 47-56.

[7] L Chiuchisan, “A New FPGA-based Real-Time Configurable System for

Medical Image Processing,” The 4th IEEE International Conference on

E-Health and Bioengineering - EHB 2013 , November 21-23, 2013.

Griselda Saldana-Gonzalez, Miguel Arias-Estrada, “FPGA Based

Acceleration for Image Processing Applications”, Image Processing, Book,

ISBN 978-953-307-026-1, pp. 572, INTECH, 2009.

[9] Sparsh Mittal, Saket Gupta, S. Dasgupta, “FPGA: An Efficient and
promising Platform for Real Time Image Processing Applications”,
Proceedings of the National Conference on Research and Development in
Hardware & Systems, 2008.

[10] A.B. Mahundi Bethord, Ding Xuewen, “FPGA- Based Parallelism For
Real-Time Video Image Processing”, International Journal of
Engineering Research & Technology (1JERT), Vol. 2, Issue 3, 2013.

[11] Kalyani A. Dakre, “A Review on Image Enhancement using Hardware
co-simulation for Biomedical Application” International Journal of
Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 3 Issue 12, December 2014.

[12] Yahia said, “High-Level Design for Image Processing on FPGA Using
Xilinx AccelDSP” Laboratory of Electronics and Microelectronics (EpE)
Faculty of Sciences, 2014.

[13] A.B. Mahundi Bethord, Ding Xuewen, “FPGA- Based Parallelism For
Real-Time Video Image Processing”, International Journal of
Engineering Research & Technology (1JERT), Vol. 2, Issue 3, 2013.

[14] 1. Chiuchisan, H.N. Costin, O. Geman, “Adopting the Internet of Things
Technologies in Health Care Systems”, Proceedings of International
Conference and Exposition on Electrical and Power Engineering
(EPE2014), Workshop on Electromagnetic Compatibility and Engineering
in Medicine and Biology, pp. 532-535, 2014.

[15] Y. Said, T. Saidani, M. Atri, “FPGA-based Architectures for Image
Processing using High-Level Design”, WSEAS Transactions on Signal
Processing, 11, E-ISSN: 2224-3488, 2015.

[16] Nitin Sachdeva and Tarun Sachdeva, “An FPGA Based Real-time
Histogram Equalization Circuit for Image Enhancement”, International
Journal of Electronics and Communication Technology (IJECT) Vol 1
Issue 1 December 2010.

[17] V. Rajamani, P.Babu, S. Jaiganesh, "A Review of various Global Contrast
Enhancement Techniques for still Images using Histogram Moditication
Framework", International Journal of Engineering Trends and Technology
(JJETT) Vol.4,pp. 10451048, April 2013.

[18] Eunsung Lee, Sangjin Kim, Wonseok Kang, Doochun Seo, and Joonki
Paik,Senior Member, "IEEE, Contrast Enhancement Using Dominant
Brightness Level Analysis and Adaptive Intensity Transformation for
Remote Sensing Images", IEEE Geosciences and remote sensing letter ,
VOL. 10, NO. 1, JANUARY 2013.

[19] Shih-Chia Huang, Fan-Chieh Cheng, and Vi-Sheng Chiu," Efficient
Contrast Enhancement Using Adaptive Gamma Correction With

8

—_—

Volume 7, Issue 3, March 2018

Weighting Distribution”, IEEE Transaction on image processing ,VOL. 22,
NO. 3 MARCH 2013.

208

All Rights Reserved © 2018 IJARECE



