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ABSTRACT

This paper presents a comparison between two blind source
separation methods: the first one based on a microcontroller
board such as Arduino Due by the RTW (Real-Time
Workshop) integrated into Matlab Simulink and the second
one based on a DSP board (TMS320c6713). This study
compared the space occupied, the execution speed and the
separation index between the two platforms Arduino and
DSP. The separation was practically simulated on the Arduino
Due and TMS320c6713 board by two signal generators and
an oscilloscope.

Key words :Blind Source Separation, Arduino Due,
TMS320C6713, SOBI.

1. INTRODUCTION

The Blind Source Separation (BSS) is a rapidly developing
discipline in the signal processing community that offers a
solution for separating mixed signals during their
propagation. The BSS, therefore, consists in estimating a set
of unknown source signals from a set of observed signals that
are mixtures of these source signals. Without any additional
hypothesis, the problem carried out by the BSS is a wrong
problem posed. This is why all BSS methods have
assumptions about both sources and mixing.

Source separation techniques have been applied in various
scientific  and  technological fields, such as
telecommunications, acoustics, imaging and biomedical
signal processing.

The importance of this separation method justifies the
different use of platforms such as Arduino Due[1], DSP [2]
and FPGA [3]-[4].The Arduino Due is an open source
electronic prototyping platform based low cost on the ARM
Cortex-M3 microcontroller [5].

This work presents a comparative study between the
implementation of the SOBI (Second Order Blind
Identification) [2] algorithm for the separation of two source

signals in the Arduino Due board and in the TMS320c6713
board, using Matlab/Simulink and Code Composer Studio
(CCs)[6].

This work is organized as follows: Section Il presents the
principle of blind source separation and its mathematical
model, the Arduino Due board and the TMS320C6713 board,
Section |1l presents studies the execution speed and the
separation index between the two platforms. Section IV
shows some results and analysis. Finally, concluding remarks
are given in Section V.

2. MATERIAL AND METHODOLOGY

2.1 Blind Source Separation

A The main objective of the blind source separation (BSS) is
to estimate a set of unknown source signals s(t) using only the
mixed signals obtained by a series of sensors x(t), also called
"observations" Fig. 1 [7]-[8].

The term Blind denotes the fact that there is no a priori
information about the sources or how they have been mixed.
In the general case, three conditions are necessary to perform
this technique[9]:

e The sources are statistically independent;

e The number of sensors is higher or equal to the

number of sources;
e A mixing matrix between the sources and the

Sensors.
Unknown Observed Estimated
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Figure 1: Principle of the blind sources separation

2.2 Mathematical Model

The basic model of the blind source separation (BSS)
depends on the assumed mixing model, in the general case the
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equation of the instantaneous linear mixing is written as
follows[9]:

x(©) =27 a;5©) + o) (D)
i=12,..,mandj=12..,n

Where:

x(t) = [x.(t), ..., xn,()]" is the vector containing the
observations;

a;;is the mixing system;

s(t) = [s,(t),...,s,(t)]"is the vector containing N signals
emitted by N unknown sources;

v(t) is an additive noise vector we consider it negligible in the
rest of the calculations.

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

X@)= HS(t) (2
Where H is a mixture matrix of size n x m

It is about finding in the ideal case the matrix W of size
n x mwhich inverts the mixture and provides the output
vector:

y(k) = Wx(k) = W Hs(k) ~ s(k) ()

The estimated sources are given by the vector s(k) and their
corresponding projections for the different microphones are
given by the estimated matrix: H = W~1.

2.3 The DSK TMS320C6713 board

The TMS320C6000 platform of the DSP digital signal
processors is a part of the TMS320 own family of TEXAS
devices. It includes the TMS320C62x fixed arithmetic and
TMS320C67x  floating  arithmetic ~ processors.  The
TMS320C6713 is taken into consideration the most efficient
member of the C67x class, its VLIW architecture lets in it to
process 8 instructions in parallel by means of 8 functional
units. The discussion in this phase will consciousness at the
TMS320C6713 processor. The structure and related devices
may also be mentioned[10], Fig 2.
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Figure 2: TMS320C6713DSK Physical layout

The TMS320C67x DSP generation is supported by the
eXpress DSP IT reference development toolkit, including a
highly optimized C/C++ compiler, Code Composer Studio
integrated development environment (CCSIDE), JTAG-based
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emulation and real-time debugging, and the DSP/BIOS
kernel. CCS offers solid central functions with user-friendly
configuration and graphical visualization tools for system
design. C/C++ programming for the application is respected,
linked and executed by the CCS.

To use CCS with Matlab, you must install the Simulink
Support Package Library for Texas instruments C6000. all
implementation steps start by generating the Simulink model
for the system using the Simulink blocks in MATLAB until
the file download *.out'on the DSP card[2], shown in Fig. 3.
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Figure 3: Flow diagram of the procedures of implementing the
model on C6713 DSK

2.4 C. Arduino Due card

The Arduino Due is a programmable card based on a low-cost
ARM Cortex-M3 microcontroller[11]. It contains 54 digital
pins (including 12 PWM), an 84 MHz clock, 4 UARTSs, 12
analog inputs, a JTAG header Fig.4.[12]
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Figure 4: Arduino Due card

To use the Arduino block in Matlab, you must install the
Simulink Support Package Library for Arduino hardware that
can be obtained and installed by clicking on the Add-On on
Matlab. When the installation is complete, the library can be
added to the Simulink Library Browser as a Simulink support
package for Arduino hardware.

Matlab Simulink [13]wishes to be configured to be operated
with Arduino Due. Within the simulation alternatives, the
external mode is enabled to run in real-time with the external
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hardware. While execution is requested, RTW converts the
Simulink block diagram into C/C++ code that allows you to
assemble and download the code into the microcontroller. The
code is run in actual time with the chosen sampling time
within the blocks and the selected signals are sent to Simulink
via USB interface. Figure 5 displays the diagram of the real
Time Workshop[14].

MATLAB/Simulink

model.slx

Real-Time
Workshop
lmadeI.RTW
Visual C/C++ Code
Compiler
lmcde].c

Real-Time
Workshop

Run-time Interface

support files R

!

Figure 5: Flow diagram of the procedures of implementation the
model on Arduino Due

—— Model.mk

3. PROPOSED WORK& RESULTS

The objective of this study is to present a comparison between
the implementation of the SOBI algorithm for blind source
separation on the Arduino Due board and the TMS320C6713
board. The separation algorithm will be programmed in R
language (Matlab) and Simulink blocks, such as Texas
instrument C6000 blocks for the TMS320C6713 board and
Arduino package blocks for the Arduino Due board.

The flowchart of our comparison is presented in fig. 6, it is
based on two Arduino and DSP programming cards for the
separation of two multiplexed sources.

rduino Due

4

_ Estimates
Mixture Sources

TMS320C6713

A 4

Source 2

‘ Source 1

Figure 6:A typical use of Arduino due and TMS320C6713 with
the Blind source separation algorithm.

Our comparison method is based on the calculation of
execution speed, the memory space used, the price of the
material and the precision of separation. For the validation of
the results in real-time we used two signal generators GPF in
order to create two source signals (sl and s2) of the same
shape and different frequency, these two signals will be mixed
by a matrix A to produce the two mix signals x1 and x2.

The following table shows the comparison results between the
Arduino Due card and the TMS320c6713 card for some
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parameters, such as execution speed, memory space used and
performance index, Table 1.

Table 1:Comparison between Arduino Due and TMS320c6713 for
some parameters

TMS320C6713 | ARDUINO DUE

Memory 280 KB 322 KB
space used

Clock Speed 225 MHz 84 MHz

Analog 32 bits 12 bits
conversion

Performance
Index (PI) 0,0012 0,0018
Price 500 USD 30 USD

The different input and output signals of the SOBI
algorithm implemented in the Arduino Due and
TMS320C6713 board are presented in Fig. 7 and Fig. 8.
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Figure 7:Sources signal and mixing signal used in our study
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Figure 8:Result of implementation using the SOBI Algorithm with
Arduino due (a) and TMS320C6713 (b)
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4. DISCUSSION

The experimental simulation results show that blind source
separation with the SOBI algorithm has high performance in
terms of separation for the two boards. The performance of
the TMS320C6713 board presented by various simulations
and applications. Some of the most important results are the
conversion precision performed by the AIC23 codec of the
board with 32bits, the execution speed with its 255 MHz
clock. On the other hand, the Arduino Due board also shows a
great performance for basic applications in terms of
separation and memory space used, without forgetting its
lower cost and its open-source hardware.

5. CONCLUSION

The implementation of the blind source separation algorithm
using Arduino Due is designed for low-frequency projects
that do not require large memory.

However, this separation based on the TMS320C6713 board
offers a large range of space to create processing blocks and
completely embedded recordings. As well as high-speed data
processing for audio applications.

The design has been implemented on Arduino Due and DSK
TMS320C6713 devices, their comparison summaries are
displayed.
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