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ABSTRACT

The implementation of blind image processing required a
solid background knowledge of the design and description
languages of the material. This paper describes an effective
method for implementing real-time blind image separation
algorithms on hardware, without needing a comprehensive
knowledge of hardware design and  description
languages(VHDL).This study concerns the separation of a
mixture of images, with no prior information on the images or
on the way they have been mixed together. It describes the
methodology for implementing real-time DSP applications on
FPGAs and the concept of hardware/software co-simulation
of the blind image separation algorithm using MATLAB
Simulink and Xilinx System Generator (XSG). The
performance of efficient architectures is implemented on the
ZYBO Z7 Zyng-7020 FPGA.

Key words : Blind Image Separation, Image Processing,
Field Programmable Get Array (FPGA), VHDL, Xilinx
SystemGenerator (XSG).

1. INTRODUCTION

The blind image separation consists in estimating a set of
unknown images called sources from known images called
observations (or mixtures). Observations are mixtures of
source images received by sensors (cameras, radars...). Source
separation is considered complete when each source image is
returned at a precise scalar factor, it is not possible to predict
on which output of the separator the unknown image is
returned. Image separation is carried out by exploiting the
information relating mainly to the images themselves [1].
This paper presents the hardware co-simulation and
implementation of the Blind image separation algorithm on
FPGA.

Currently, the use of FPGAs in research and development of
digital systems applied to specific tasks is increasing. This is
due to the advantage that FPGAs have over other
programmable devices. These advantages include: high clock
rate, high number of operations per second, low cost, parallel
processing, security, ability to interact with high or low

interfaces and intellectual property (IP) preservation [2]. The
Xilinx System Generator for Digital Signal Processing (DSP)
is a tool that operates at a higher degree of abstraction, it is
useful for those with familiar of MATLAB and Simulink.

Therefore, this paper presents an efficient approach for
implementing a real-time blind image separation algorithm on
FPGAs without requiring a detailed knowledge of hardware
design and description languages. The concept consists of
using the Xilinx System Generator for DSP, which integrates
with the MATLAB-based Graphics environment and
eliminates the need for HDL text programming.

This workis structured as follows: Section Il presents the
principle of the blind image separation and its mathematical
model, the Xilinx System Generator and the ZYBO board,
Section 11 presents proposed work and study case. Section 11l
describes the hardware co-simulation, Implementation, and
results. Finally the Section IV concludes this paper.

2. MATERIAL AND METHODOLOGY

2.1 Blind Image Separation Problem

The main objective of the blind image separation is to
estimate a set of unknown source (images) s(t) using only the
mixed images obtained by a series of sensors x(t), also called
"observations™ Fig. 1[3].

The term Blind denotes the fact that there is no a priori
information about the sources or how they have been mixed.
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Figure 1: Principle of the Blind Image Separation

2.2 Mathematical Model

We suppose that N images s, ..., S;, ..., Sy 0f size (m, n) are
combined and those M linear mixtures of these original
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images are observed. These last mixtures can be modelized by
the following linear system[4]:

x(m,n) = As(m,n) + v(m,n)

1)
Where

x(m,n) = [x,(m,n),...,xy(m,n)]Tis an Mx1 vector of
image pixel mixing;

Ais the MxN mixing matrix of the row of the complete
column (i.e., M>N);

s(m,n) = [s;(m,n),...,sy(m,n)]"is an Nx1 image source
vector consisting of the array of associated pixels of the
source images, and the superscript T denotes the transpose
operator;

v(m,n) = [v,(m,n),...,vy(m,n)]%is the Mx1 noise vector
that affects any pixel in the image mixture.

The matrix form of equation (1) is written as follows:

X(@t) = HS(b) (2)

Where H is a mixture matrix of size N x M

It isabout finding in the ideal case the matrix W of sizeN x
M which inverts the mixture and provides the output vector:

y(m,n) = Wx(m,n) = WHs(mn) = s(m,n) 3)
The estimated images are given by the vector s(im,n) and

their corresponding projections for the different cameras are
given by the estimated matrix: H = W ~1[5].

2.3 Xilinx System Generator

Xilinx System Generator is a DSP design tool for linking ISE
and Matlab that enables the use of MathWorks Model-Based
Simulink for FPGA design. Xilinx System Generator, which
simplifies FPGA hardware design, was the first to launch the
idea of compiling an FPGA program from MATLAB and the
Simulink model. It enables system modeling and automatic
code generation from MATLAB and Simulink. When
designing the Simulink model, the system generator blocks
can be used just like the other Simulink blocks. In addition,
the designer can also use the two native Simulink blocks and
the Xilinx System Generator blocks at the same time[6],[16].
This tool also allows hardware co-simulation used to test
user-created cores on the target hardware simultaneously with
the model present in the Simulink environment Fig.2.

The Xilinx System Generator (XSG) offers the advantages:

»  Less time in the design and development
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» Automatic generation of the target synthesizable
code

e Easy to modify the design architecture and
requirements

* Reusability and flexibility
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Figure 2: Design flow for Xilinx system generator

2.4 Overview of the ZYNQ family

The Zynq is particularly interesting in this context because it
incorporates both a dual-core ARM cortex A9 processor,
interrupt handler, converter Analog-to-Digital and other
devices, in an area called "Processing System™ (PS). This
component has a second area called "Programmable”. Logic"
(PL), consisting of programmable logic cells, memories and
blocks for digital signal processing, Fig. 3.

The embedded system, made by our students, requires the use
of the processor ARM associated with two asynchronous
serial (UART) devices to which is added a "homemade"
device made by our students. It is a frequency meter, created
at based on the VHDL hardware description language, and
encapsulated as an IP block ("Intellectual Property"). This is
connected to the processor via an AXI-Lite bus. This bus
allows the communication between the "PS" processor system
and the realized IP block, and integrated in the "PL"
programmable logic area.[7],[17].

3. PROPOSED WORK

The objective of this work is to present a comparison between
the different algorithms of the Blind image separation based
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on the calculation of the Performance Index (PI), the optimal
algorithm obtained will be implemented in the ZYBO Z7
Zyng-7020 board to testits performance in real time. By using
the fewest possible System Generator Blocks in FPGA use
Xilinx System Generator for image processing as shown in
proposed block diagram, fig 4.
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Figure 3: ZYBO family architecture

The separation method will be implemented in the FPGA
hardware to meet real-time applications. The implementation
will be carried out in a prototyping environment, Simulink
and Xilinx System Generator through three main phases:

o Image pre-processing blocks;

e Image mixing blocks;

e Image processing using Blind Image Separation
Algorithm;

o Image post-processing blocksto recreating image;

Image source and image viewer are matlab/Simulink
blocks, using these blocks, the image can be given as input
and the output image can be depicted on the video viewer
block.

The pre-processing and post-processing units transmit the
input image in the appropriate blind image processing
standard for the next unit. They are designed by the XSG
blocks. The Blind Image Separation algorithm is designed by
Xilinx blocks.
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Figure 4:Design flow of hardware implementation of Blind
Image Separation algorithm

367

4. SIMULATION RESULTS

All simulations are performed on “Lena.png” and “fruits.png”
images in 512x512. The number of mixtures observed is
M=2. The algorithms are developed on the MATLAB
environment.In our study we used the TOOLBOX ICALAB
for image processing (version 2.0) [8], [18] grouping several
algorithms of the blind image separation that we tested (15
algorithms tested) to determine the algorithm that gives the
higher performance. However, tests have shown that only 7
algorithms are stable:

v' SIMBEC: SIMultaneous Blind Extraction using
Cumulants [9];

v" SOBI-RO: Second Order Blind Identification with
Robust Orthogonalization[10];

v" SANG: Self Adaptive Natural
nonholonomic constraints [11];

v" FPICA: Fixed Point ICA [12]

v ERICA: Extended Robust
Cumulants [13];

v' BSE-K: Blind Source Extraction optimization of
Kurtosis [14]

v" UNICA: Unbiased quasi Newton algorithm for ICA
[15];

Gradient with

ICA - based on

The results obtained by calculating the
Signal-to-interference (SIR) and the performance index of
separability (PI) of these algorithms are presented in Table 1.

Table 1: The performance index obtained for the algorithms tested

Algorithm Pl
SIMBEC 0.007
FPICA 0.011
SANG 0.012
ERICA 0.044
BSE-K 0.096
SOBI-RO 0.129
UNICA 0.135
These results show that the SIMBEC algorithm

(SIMultaneous Blind Extraction using Cumulants) present a
separation technique that suits more our case.

The Fig. 5 shows a design of blind image separation by the
SIMBEC algorithm using the Matlab / Simulink and Xilinx
System Generator (XSG).

Fig. 6 shows the origin images (s; and s;), the multiplexed
images (x; and x;) and the output images (y, and y,) for the
SIMBEC algorithm.
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Figure 5: Model simulation for Separation of tow image
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Figure 6: Simulation results of the SIMBEC algorithm
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5. IMPLEMENTATION AND EXPERIMENTAL
RESULTS
5.1 Hardware Co-Simulation

The blind image separation algorithm is designed in
MATLAB/Simulink and implemented on the Zyng-7020
board. The separation module in Figure 7 is behaviorally
equivalent to thousands of lines of the VHDL program code.
With hardware co-simulation, it is possible to select a
subsystem from a system generator model to execute in
hardware, while the part of the model is simulated on a
computer. The hardware co-simulation block has been
generated easily and the processing speed and hardware
resources were achieved by using the ISEDesign Suite
implementation tool. All implementation steps start by
generating the Simulink model for the system using Xilinx
System Generator in MATLAB/Simulink until the file
download "*.bit' on the FPGA card, illustrated in the Fig. 2.

5.2 Experimental results

In real application, the SIMBEC algorithm has been
implemented and tested with a computer to send two basic
images (s1 and s2) of the same size. These two images will be
mixed with a matrix A in the Zyng-7020 board to produce the
two mixing images x1 and x2. Fig. 8
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Figure 8: Hardware setup for system separation
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Figure 7: Model Hardware co-simulation for Separation of tow images

The different input and output images of the SIMBEC
algorithm implemented in the Zyng-7020 board are shown in
Fig. 9. To observe the different images (source images,
blended images and estimated images), we used the Matlab
Simulink. The results of the implementation verify that the
behavior and graphics of our implemented model are similar
to the results obtained by simulation on Simulink.
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Estimated Image y1

Figure 9: Result of Real time implementation using the SIMBEC
algorithm

This study aims to reproduce the performance of the
implementation of the SIMBEC algorithm (SIMultaneous
Blind Extraction using Cumulants) as expected in Matlab
Xilinx System Generator. The experiment carried out in this
paper is still in the onset and provide a background to be
developed in future works concerning the performance of the
SIMBEC algorithm in real time, which is a promising area of
research.

6. CONCLUSION

The objective of this paper was to demonstrate the use of
System Generator for implementing the Blind image
Separation algorithms on a FPGA. Since it does not require
aprevious knowledge of hardware design methodologies, also
has the advantage of using large memory, and embedded
multipliers. Advances in FPGA technology with the
development of intelligent and robust tools for simulation,
synthesis and modeling have made the FPGA a most practical
platform. Flexible and reasonable use of DSP building blocks
provided in theXSG can easily turn the flowchart of algorithm
into a corresponding implement on FPGA.

The results indicate the Xilinx System Generator tool offers
an easy and efficient method for implementing Simultaneous
Blind Extraction using Cumulants algorithm into FPGA
board. The design was implemented on ZYBO Z7 Zyng-7020
devices and their utilization summaries are showed.
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