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Abstract— The main objective of this work is to develop
an effective hardware system that respond to atime-
power constraint. These are handled on FPGAs by
Dynamic Frequency Control (DFC) for the management
of digital image and video processing architecturbts
proposed design, the DFC is handled by utilising
minimum resources. The pixel-processor architecture
designed here is based on the implementation gflesin
pixel gamma correction operation. Here, the poaad
performance in-terms of throughput are constrainfs
digital image depend on the frequency of operatiamd
number of pixel processing cores. The dynamic #aqy
controlled parallel-pixel processor is implemented
Virtex-6 FPGA's and parallel-pixel  processor
architecture is verified by using System Genetato
Keywords— Dynamic Frequency Control (DFC), Field
Programmable Gate Array (FPGA), Parallel-Pixel
Processing Architecture based on look-up-tabels(LUTS).

l. INTRODUCTION
Now-a-days most of the image processing application
are provided to meet real-time solutions. The commo
way of approaching performance on FPGA’'s is by
implementing the parallel architectures. The caslesre
real-time image processing must also suitable € |
power consumption portable applications are vehicle
identification, remote sensing applications, mopit®nes
etc.
1.1 Image Processing Algorithm (Gamma Correction)
The development of the real-time digital processing
basically depends upon the image processing ahgosit
DIP (Digital image processing) mainly avoids the
problem of signal distortion and build-up noise idgr
image processing and DIP is easy for allowing wialege
of algorithms on input images when compared with
analog image processing. The image processing
algorithms mainly include with gamma correction,
histogram equalization, contrast  enhancement,
thresholding, Huffman table encoding, histogranpsig
and quantization.
Gamma correction: The Gamma correction
function is a change in encoded luminance valueanof
image. Here, the correction of image luminanceased
Gamma correction function is represented by Vouir

www.ijaers.com

(gamma). If gamma value is >1 gamma expansion fand i
gamma<l gamma compression. Gamma correction
mainly supports for feature enhancement, intensity
correction and thersholding applications. In-comdc
gamma causes low contrast, low colour balance and
delivery of light levels for an image is improper.
Gamma correction in FPGA can be implemented bygusin
gamma correction logic IPcore which is based on
BlockRAMs here the contents can vary on- demandl LU
based approach and other method is using piecewise
linear approximation based. In piecewise method, tu
precision overflow, the luminance displayed ondkegice
is not exact output luminance. Therefore, to sifgghis
problem LUT based method is better. In LUT based
approach the output pixel values are stored in -lgok
tables. In proposed system, the distributed memsry
used for storing the gamma values which is basddon
approach. Therefore, the accuracy of the operation
increases by increasing the number of input anguiut
bits and the memory space is not the major comstrai
LUT based approach.
This paper presents an effective way for varying th
frequency of the system at runtime is managed by
considering MMCM. The MMCMs inside FPGAs
provides a wide range of clock management by adgist
frequency and phase on virtex-6 FPGFe system for
dynamic frequency is evaluated in terms of power,
performance in-terms of throughput and resource
consumption. Previously, the author in [1] used the
frequency control core connected to the Power PC
processor which provides the clock for pixel-preoes
The Power PC processor peripherals are operated at
100MHz. So, at runtime the frequency can vary up to
100MHz only. The additional processor also incredahe
resource consumption of the systerhherefore, the
present system, for frequency control core provithes
clock to the pixel processor by using SM chart for
sequential control of the pixel system.
The present work explains the Dynamic frequencytrobn
of pixel-processing system which is designed and
implemented on virtex-6 FPGA’s. The present system
provides less utilization of recourses when congbavith
previous system. The present document as follows
Section Il describes the literature survey on presi
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system and pixel processor architecture. Sectidn Il
explains existing system architecture for dynamic
frequency control. Section IV  explains the
implementation of parallel-pixel processing systersing
System generator. Section V explains the modified
Dynamic frequency controlled parallel-pixel prodegs
system. Section VI discusses on simulation resattd
comparison of distributed Block ROM LUT based
approach and LUT based approach of previous dexign
pixel processor on power and slices utilised. $ectll
has conclusion.

Il. LITERARY SURVEY
In earlier literature, the design of pixel procegsi
architecture is based on custom hardware design and
LUT-based method. The custom hardware such assgreci
gamma correction presented in[2] , a contrast
enhancement algorithm referred in[3] , an approfach
histogram equalization referred in[4] and the aediure
for image enhancement by using successive mean
guantization transform which is described in[5]! thlese
architectures utilises less resources for impleatemt of
large input pixel bit-widths and these designs Ido&
versatility of the LUT based approaches.
Later, the pixel architecture is designed by ugiaghma
correction IP logic core[6] which is based on BIB&Ms
and these contents can vary on-demand. In existing
system [7] the author implements the pixel processo
architecture based on LUT based approach. The pixel
output values are stored in look-up tables. Theh@ut
describes about the pixel processor core implertienta
and mapping of the LUTs onto Virtex-4 CLB primitsze
Here, the pixel system is designed by using FSLRI8
buses. The number of bits for pixel processomistéid to
32bit as the bus width for interfacing is only 32Wwidth
wide. So, the limitation in the pixel architectuis
designed for performing parallel pixel operatioos four
single pixels at time. In proposed system, theribisted
ROM LUT based approach is used for implementation o
pixel system on Virtex-6 FPGAs. As, this methodusss
the number of resources utilised when compared with
LUT based approach.
In the study of dynamic frequency control on image
processing system, [8] earlier there is architecIFLAP
(dynamic frequency linear array processehich is used
to vary the frequency dynamically from 400MHz to
50MHz. The architecture provides parallelism atagrr
level by using N processing elements (PEs). Here, N
represents the size of the image and each PE nerited
arithmetic/logic unit, multiplier, shifter, a bidictional
neighbour communication unit, dual port SRAM and a
DCU (dynamic clocking unit). The DCU is used for
switching the frequency dynamically on each PE. The
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main drawback is design architecture is complexctvhi
contains many PE blocks which are based on image si
Later [1], the author proposed a dynamic frequency
control system which is implemented on pixel preoes
system. Here, the dynamic reconfiguration and dyoam
frequency control is controlled by using a proces$be
processor operates the peripherals at 100MHz. tt&o,
maximum frequency that can allow the designer tngle
dynamically is below 100MHz only this is limitatioof

the pixel system. Therefore, the proposed system is
designed which can utilise less resources by ringumy
additional processor like soft-core or hardcoree Buithe
proposed system the frequency is not limited.

M. Existing System Architecture for Dynamic
Control Frequency

The existing system mainly used for controlling the
frequency of operation dynamically i.e., at runtirtrethis
system the FSL and PLB bus interfaces are used for
interfacing with processor and parallel-pixel pregiag
system. Here, the DCR (device control register) isus
used for interfacing the processor with frequenagtiol
core which provides clock for pixel processor. The
processor used here can be either soft-core (Mazelp
or hardcore (Power PC). Here, the internal conéiian
access port (ICAP) which is used for effective gem
input and output bits, number of cores at run-tiffiee
memory is used for storing the input and output bit
streams. The main drawbacks of processor arelisagi
lot of resources and maximum frequency used by the
processor for operating peripherals is 100MHz, Is® t
dynamic frequency is limited to 100MHz or less than
processor frequency.

DCER bue
Fraquancy
'_I_' tomral _|_. Intzrfaca
Frocessor |
KL
PI{ELPROCESSOR
L fl8
_L. ICAF Care Szem Mamary
- AT
|CAP part CFeam

Fig 1: Existing System for Dynamic Frequency Cadntro

3.1 Dynamic frequency control hardware

In frequency control hardware, the Xilinx virtexBICM

is connected to DCR bus via DCR slave interfacaeHe
the frequency and phase can adjust at runtime wuftitho
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allocating a new bitstream to the FPGA via dynamic
reconfiguration port which is register-based. Th€RD
slave architecture varies for different FPGA fagsli
which use different method for loading M and D \esu
The frequency control can mainly depend upon the
modifying the ratio of M to D for providing wide mges

of clock management.
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Fig,2: Dynamic Frequency Control Hardware via the
DCR Bus Interface

IV. IMPLEMENTATION OF PARALLEL PIXEL
PROCESSING SYSTEM- USING SYSTEM
GENERATOR
To meet the real-time applications, image processi
should be implemented on hardware. System gendgator
used for performing the hardware implementation by
using two software tools to be configured. One is
Matlab/Simulink and other is Xilinx ISE. The System
Generator is part of the ISE design suite whiclsisd for
verification of parallel-pixel processing by usiglinx
blocks.
The design flow of hardware implementation of platal
pixel processing system is shown in Fig[3]. In the
parallel-pixel processing system, image sourceiaragde
viewer are used as input and output for an imagegeH
image source is used for sending the image as ipait
image viewer is used for viewing the output imageage
pre-processing and image post-processing are used f
providing the input and output for Xilinx block sewhich
are designed by using Simulink blocksets. The Xilin
black box consists of parallel-pixel processingteys
design which has to implemented by using Xilinx t8ys
Generator.
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Fig.3: Implementation of Parallel-Pixel Processor-
Using System Generator

4.1 Design of Parallel- Pixel Processor Architect@r in
System Generator:

The parallel-pixel processor architecture is shaw i
Fig[4]. In system generator there are no existingunk
block sets for processing the pixels inputs para®,
pixel processor used here is connected with shifiéack
box which is designed by using Xilinx block setheT
Xilinx black box is used for implementation of dkif and
parallel-pixel processor code. The shifters ared ufee
sending and receiving the pixel inputs and outputs
parallel. Here, shifters and parallel pixel-proocesare
operated at different frequencies.
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Fig.4: In System Generator Parallel-Pixel Processor
Architecture
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The shifter frequency depends upon the parallepi
processing distributed ROM LUT cores. For examifie,
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number of cores of parallel-pixel processing system
four than the frequency of the shifter is multipliey four
times of the parallel-pixel processor clock frequenn,
this way the clock is provided to the shiftersNifcores
are presented than shifters clock frequency isllpara
pixel processing frequency multiplied by N.

V. MODIFIED DYNAMIC FREQUENCY

CONTROL PARALLEL-PIXEL
PROCESSING SYSTEM

Jl Sw_out

o, oty
tkin N drstr

or - —

_dm_, it 11

IS[_. mun | pixel

T -

processor

R it

0
Tead| | [utag ;

Fig.5: Modified Dynamic Frequency Control Parallel
Pixel Processing System

In this section, the overall system architectursedsn in
figure [5]. The modified Dynamic frequency control
Parallel-pixel processing  system  consists  of
MMCM(Mixed Mode Clock Manager for virtex-6) for
dynamic frequency control and parallel-pixel preieg
system which are controlled by using a controliEne
inputs of controller are clock-in, reset, dcontisl for
dynamic control for MMCM, swt out is used for
assigning the particular frequency to vary dynafthjica
The outputs of controller are daddr, drst, din ahwee.
These are the signals which are used for chandiag t
frequency at runtime. The locked signal from MMCM
acts as input for controller for activating the gial-pixel
processor to work at particular frequency. The estat
diagram for dynamic frequency control parallel-pixe
processing system for understanding the sequential
operation of the system.
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Fig.6: State Machine for Modified Dynamic Frequency
Control Parallel-Pixel Processing System

5.1 The Operation of Dynamic Frequency Control
Parallel-Pixel Processing System:

When dcontrol signal is made high, the frequency is
dynamically controlled varying the ratio of the M,and

O parameters which are assigned by using switch out
signal. The relationship of clock frequency is el
M/(D*O) *Fclkin. The value of M corresponds to the
CLKFBOUT_MULT_F setting, the value of D to the
DIVCLK_DIVIDE, and O to the CLKOUT_DIVIDE,
Fclkin is input clock frequency. These values aweig to
MMCM for varying the frequency at that time pixel
processor start signal set low. Once the lockedasics

set high, than pixel processor start signal is ntagle and
the parallel-pixel operation is performed.

5.2 Pixel Processor Core Architecture:

The architecture is implemented by using the viex
LUTs which is used for mapping on CLBs efficiently.
Here, the higher number of bits on LUTs is desighgd
combining the LUT primitives and multiplexers. TBe
input bits are used for implementing the pixel @pien of
each output bit. The distributed ROM LUT based
approach is used for designing the pixel processor
because the utility of resources are less when aocedp
with LUT based approach.
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Fig.7: Pixel Processor Architecture For Implemeidat
of Virtex-6 Lut8-To-1

VI. SIMULATION RESULTS
In this section, the dynamic frequency control pakra
pixel processing is implemented and tested by using
Xilinx ISE simulator and by using Xilinx System
Generator.

LSE

Fig.8: Parallel-Pixel Processor Architecture Simtitm
Block Diagram
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Pixel Processor Architecture

The power consumption and resources utility of iera
pixel processor architecture is less for DistribuRROM
LUT based approach when compared with LUT based
approach in [1] of previous system architectureeSehare
shown in given table.

Fig.9: Simulation Result of Dynamic Frequency Cohtr
Parallel-Pixel Processing System
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Distributed

LUT based | ROM LUT
approach based

approach
No. of slices 320 40
No. of LUTs 576 115
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Power(mw) 24 1.05

Maximum
Frequency
control on the
system(MH2z)

100 600

Number of
cores supports 4 -
by the system

The table shown below provides the power consumed a
resource utilized by the dynamic frequency control
Parallel-pixel processing system.

Maximum
N No
Power Frequency
o.of [ .of
slices| LUTs (mw) control on the
system(MHz)
Dynamic
frequency
control 12
parallel- 81 7 68.5 600
pixel
processing
system
VILI. CONCLUSION

An effective implementation of dynamic frequency
control parallel-pixel processing system is present his
paper presents an effective parallel-pixel proce$eo
reducing power consumption and can vary the frequen
at runtime by utilising fewer resources. This ametture

is implemented by using Xilinx Virtex-6 FPGAs and
verified by using System Generator.
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