
非公開 (ATRConfidential) 

TR-WEL-0002 003 
Concurrent Criterion -and Algorithm -Diversity Blind Adaptive 

Beamforming of an Espar Antenna 

Gael Sapience, Tomoyuki Aono 

Keisuke Higuchi and Takashi Ohira 

2004.4.2 

（株）国際電気通信基礎技術研究所

波動工学研究所

〒619-0288京都府相楽郡精華町光台二丁目 2番地 2

Tel: 0774-95-1501 Fax: 0774-95-1508 

Advanced Telecommunications Research Institute International 

Wave Engineering Laboratories 

2-2-2 Hikaridai, Seika-cho, Soraku-gun, Kyoto 619-0288, Japan 

Telephone: +81-774-95-1501 Fax: +81-774-95-1508 

c2004 (株）国際電気通信基礎技術研究所

c2004Advanced Telecommunications Research Institute International 





Abstracts and Keywords 

As an ESPAR (Electronically Steerable Parasitic Array Radiator) antenna 
has only a single-port output and parasitic elements surrounded with it, the sim-
ple configuration of it causes difficulties to apply the beamforming techniques 
of conventional adaptive array antennas. Several adaptive beamforming algo-
rithms and criteria for ESPAR antennas have been proposed, though any com-
bination of an algorithm and a criterion cannot overcome the trade-off problem 
between its fast convergence and its stability. 

This paper presents a new blind adaptive beamforming scheme using con-
current algorithm and criterion diversity. Using algorithm diversity switching 
two algorithms (Steepest Gradient Algorithm and Sequential Random Algo-
rithm), each of them using criterion diversity (M2M4 and MMMC), was found 
to provide faster blind beamforming with a more stable convergence. 

Key words: ESPAR antenna, Blind adaptive beamforming, Steepest Gradient 
Algorithm, Sequential Random Algorithm, criterion diversity. 

2
 



Contents 

Abstracts and Key words 

Glossary 

Notations 

Introduction 

2

7

8

9

 

1 ATR Adapt・ 1ve Commun1cations Research Laboratories 10 

1.1 Introduction to ATR . . . . . . . . . . . . . . . . . . . . . . . . . 10 
1.2 ACR Laboratories . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

1.2.1 0 ・rgamsat1on . . . . . . . . . . . . . . . . . . . . . . . . . 11 
1.2.2 Research domains . . . . . . . . . . . . . . . . . . . . . . 12 

2 Adaptive ESPAR antenna 14 
2.1 ESPAR antenna and signal model .. . . . . . . . . . . 14 

2.1.1 ESPAR antenna configuration. . . . . . . . . . . . . . . . 14 
2.1.2 ESPAR antenna model ...... . . . . . . . . . . 15 
2.1.3 Signal model ..... . . . . . . . . . . . . . . 17 

3 Criterion diversity applied for adaptive algorithms 19 
3.1 Criterion Diversity . . . . . . . . . . . . . . . . . . . . . . . 19 
3.2 Steepest Gradient Algorithm with criterion diversity . . . . . . . 21 

3.2.1 Algorithm principle . . . . . . . . . . . . . . . . . . . . . 21 
3.2.2 Simulation results . . . . . . . . . . . . . . . . . . . . . . 22 

3.3 Sequential Random Algorithm with criterion diversity . . . . . . 28 
3.3.1 Algorithm principle ........... . . . . . 28 
3.3.2 Simulation results .... . . . . . . . . 29 

3.4 Comparison of the two algorithms with criterion diversity . . . . 34 

4 D' 1versity of both algorithms and criteria 35 
4.1 Adaptive control principle .......... . . . . . . 35 
4.2 s・ 1mulations and discuss10ns . . . . . . . . . . . . . . . . . . . . 36 

Conclusion 

Acknowledgements 

40 

41 

3
 



List of Figures 

1.1 Organisation of ACR .............。.• • • • • • • • • • 11 
1.2 Research domains . . . . . . . . . . . . . . . . . . . . 12 
1.3 Research subjects ...... . . . . . . . . . . . . . . . . . . . . 12 
1.4 Excpected performances .... . . . . . . . . . . . . . . . . 13 

2.1 Configuration of an ESPAR antenna . . . . . . . . . . . . . . . . 14 
2.2 Geometry of an ESPAR antenna . . . . . . . . . . . . . . . . . . 17 

3.1 SGA convergence curves using different criteria, SNR= lOdB, DoA 
[0°45°] ....... . . . . . . . . . . . . . . 20 

3.2 SGA with criterion diversity flowchart. . . .. . . . . . . . . . . 23 
3.3 SGA CDF and convergence curves with different Step Sizes val-

ues, SNR= lOdB, DoA [0°45°]. . . . . . . . . . . . . . . . . . . . 24 
3.4 SGA CDF and convergence curves with different Delta x values, 

SNR= lOdB, DoA [0°45°]. . . . . . . . . . . . . . . . . . . . . . 24 
3.5 SGA selection rate curve, SNR= lOdB, DoA [0°45°]. . . . . . . . 25 
3.6 SNR= 5dB, DoA [0°45°] on the left and DoA [0°60°] on the right. 25 
3.7 SNR= lOdB, DoA [0°45°1 on the left and DoA [0°60°1 on the 

right.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
3.8 SNR= 20dB, DoA [0°45°1 on the left and DoA [0°60°] on the 

right ..... . . . . . . . . . . . . . . . . 26 
3.9 SGA convergence curves, SNR= 5dB, DoA [0°45°1 on the left 

and DoA [0°60°] on the right. . . . . . . . . . . . . . . . . . . . 26 
3.10 SGA convergence curves, SNR= lOdB, DoA [0°45°1 on the left 

and DoA [0°60°] on the right. . . . . . . . . . . . . . . . . . . . 27 
3.11 SGA convergence curves, SNR= 20dB, DoA [0°45°1 on the left 

and DoA [0°60°] on the right. . ..... . . . . . . . . . . 27 
3.12 SRA with criterion diversity flowchart. . . . . . . . . . . . . . . . 30 
3.13 SRA CDF and convergence curves with different sigma parameter 

values, SNR= lOdB, DoA [0°45°1. . ... . . . . . 30 
3.14 SRA CDF and convergence curves with different T parameter 

values, SNR= lOdB, DoA [0°45°1. . . . . . . . . . . . . . . . . . 31 
3.15 SNR= 5dB, DoA [0°45°] on the left and DoA [0°60°] on the right. 31 
3.16 SNR= lOdB, DoA [0°45°1 on the left and DoA [0°60°] on the 

right ..... . . . . . . . 32 
3.17 SNR=20dB, DoA [0°45°] on the left and DoA [0°60°] on the 

right ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
3.18 SRA convergence curves, SNR= 5dB, DoA [0°45°] on the left 

and DoA [0°60°] on the right. . . . . . . . . . . . . . . . . . . . 33 

4
 



3.19 SRA convergence curves, SNR= lOdB, DoA [0°45°] on the left 
and DoA [0°60°] on the right. . . . . . . . . . . . . . . . . . . . 33 

3.20 SRA convergence curves, SNR= 20dB, DoA [0°45°] on the left 
and DoA [0°60°] on the right. . . . . . . . . . . . . . . . . . . . 33 

4.1 Adaptive Control using concurrent algorithm and criterion diver-
sity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

4.2 SNR= 5dB, DoA [0°45°1 on the left and DoA [0°60°1 on the right. 37 
4.3 SNR= lOdB, DoA [0°45°1 on the left and DoA [0°60°1 on the 

right ....... . . . . . . . . . . . . . . . . . . . . 37 
4.4 SNR= 20dB, DoA [0°45°1 on the left and DoA [0°60°1 on the 

right ..... ......................... 37 
4.5 SNR= 5dB, DoA [0°45°1 on the left and DoA [0°60°1 on the right. 38 
4.6 SNR= lOdB, DoA [0°45°] on the left and DoA [0°60°1 on the 

right. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
4.7 SNR= 20dB, DoA [0°45°1 on the left and DoA [0°60°1 on the 

right ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

5
 



List of Tables 

3.1 Comparison of the Blind beamforming criteria for ESPAR antennas 19 
3.2 Algorithms with criterion diversity for ESPAR antennas . . . . . 34 

6
 



Glossary 

ABF: Aerial BeamForming 

BNR: Beam to Null Ratio 

CDF: Cumulative Distribution Function 

DBF: Digital BeamForming 

DoA: Direはionof Arrival 

ESP AR: Electronically Steerable Par邸 iticArray Radiator 

IEEE: Institute of Electrical and Electronics Engineers 

IEICE: Institute of Electronics, Information and Communication Engineers 

M2M4: 2nd order Moment and 4th order Moment 

MCCC: Maximum Cross Correlation Coefficient 

MMMC: Maximum Mth order Moment Criterion 

QPSK: Quadrature Phase Shift Keying 

SGA: Steepest Gradient Algorithm 

SINR: Signal to Interference Noise Ratio 

SIR: Signal to Interference Ratio 

SNR: Signal to Noise Ratio 

SPSA: Simultaneous Perturbation Stochastic Approximation 

SRA: Sequential Random Algorithm 

7
 



Notations 

In this part, the notations used in this report for all equations and calculus are 
settled. 

A scalar or complex value is noted: x, Xn, X. 

A vector is noted: x. 

A matrix is noted: X. 

The identity matrix of order IV1 is noted: IM・

The superscript * is the conjugate operation. 

The superscript T is the transpose operation for vector or matrix. 

The superscript H is the transpose and conjugate operation for vector or matrix. 

The operator I I is the modulus operation. 
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Introduction 

Adaptive array antennas are an emerging technology that has gained much 
attention due to its ability to significantly increase the performance of wireless 
systems. However few research has been focused on the way to improve mobile 
terminals using advanced adaptive antennas methods. Recently, the electroni-
cally steerable parasitic array radiator (ESPAR) antenna has been proposed for 
compact adaptive beamforming applied to wireless communication systems [1). 

The basic principle of a (M+l)-element ESPAR antenna is that only one 
active radiator is connected to the receiver. The M remaining elements are 
parasitic ones. The antenna pattern is formed according to the values of loaded 
reactances on these parasitic radiators. Signals on the parasitic elements cannot 
be observed so only the single-port output can be measured and processed as 
feedback to adjust the reactances. Hence, most of the algorithms made for 
conventional adaptive arrays cannot be directly applied to the ESPAR antenna. 

Consequently, several adaptive beamforming algorithms and criteria for 
ESPAR antennas have been proposed. These algorithms are the Steepest Gra— 
dient Algorithm (SGA) [2), the Sequential Random Algorithm (SR.I¥.) [3), and 
so on. These criteria are the 2nd order Moment and 4th order Moment (M2M4) 
[4]criterion, the Maximum Mth order Moment Criterion (MMMC) [5) and so on. 
Nevertheless any combination of an algorithm and a criterion cannot overcome 
the trade-off problem between fast convergence and stability. 

In this paper, the objective is to develop an a:daptive algorithm that allows 
the ESPAR antenna to steer its beam and automatically in order to make the 
output SIR (Signal-to-Interference Ratio) as large as possible. This algorithm 
is based on two existing algorithms : SGA and SRA. Each of these adaptive 
algorithms uses criterion diversity [6), that switches between two existing blind 
criteria: M2M4 and MMMC. 

The organization of this paper is as follows. In the first section, ATR 
and especially Adaptive Communications Laboratories (ACR) will be briefly 
described. 

Then, in the second part, basic configuration and formulation of the ES-
PAR antenna will be explained. In Section 3, criterion diversity applied for 
adaptive algorithms will be developed in three parts: basic principle of criterion 
diversity and then SGA and SRA improved using this technique. In section 4, 
diversity of both algorithms and criteria is explained in two parts. First, the 
adaptive control principle and then simulations results are presented. Section 5 
includes the concluding remarks. 
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Chapter 1 

ATR Adaptive 

Communications Research 
Laboratories 

1.1 Introduction to ATR 

Advanced Telecommunications Research Institute International (ATR) was 
established in 1986 with support from industry, academia and government. It 
operates with the following objectives: 

• to undertake basic, innovative research on telecommunications, 

• to coordinate joint research project involving industry, academia and gov-
ernment, 

• to implement ATR's research activities on a global basis, 

• to play a guiding role in Kansai Science City based on experience gained 
as the first research institute. 

Since its foundation, ATR conducted research activities with financial con-
tributions from KTO, the Japan Key Technology Center, and many private 
companies to its research laboratories. In the middle of fiscal year 2001, the 
research funding system was shifted from KTC to a governmental organiza-
tion called TAO, the Telecommunications Advancement Organization of Japan, 
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which funds contracted research topics in telecommunications for a better soci-
ety in the 21st century. 

The reorganized structure leads to the eight following actual departments: 

• Adaptive Communications Research Laboratories (ACR), 

• Brain Activity Imaging Center (BAIC), 

• Computational NeuroSciences Laboratories (CNS), 

• Intelligent Robotics and Communication Laboratories (IRC); 

• Human Information Science Laboratories (HIS), 

• Media Information Science Laboratories (MIS), 

• Spoken Language Translation Research Laboratories (SLT). 

• Technology Liaison Center (TLC), 

1.2 ACR Laboratories 

ACR laboratories are engaged in research on technologies for the con-
struction and evaluation of adaptive systems with the aim of making systems 
adaptive to various operating and user environments. 

Focusing on wireless technologies, ACR laboratories are conducting re-
search on fundamental technologies for user-friendly communications systems 
where users need not concern themselves with the complexities of how networks 
work. Currently, key technologies are emphasized for wireless ad hoc networks, 
consisting of mobile nodes which do not need the assistance of centralized in-
frastructure such邸 basestations. 

1.2.1 Organisation 

The organisation of ACR laboratories is depicted in figure 1.1. 

● Department 1 Network Design and Control 

● Department 2 Network Theory 

● Director 

I ● Assistant 
■ Department 3 Pe応analWireless Links 

■ Department 4 Micro devices 

Figure 1.1: Organisation of ACR 
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1.2.2 Research domains 

The main research domains of ACR laboratories are shown in figures 1.2, 1.3 
and 1.4. 

"¥-Vireless Ad Hoc Networks 

Present Mobile Communication 
W, re less LAN 

B匹.,s,atnnma=e蕊 pontreco~•• 
te<m西 lbc讀如nand decides 
communcat口nrnute.

Wireless Ad Hoc Network 

• No infrastcocto,e lbase staton. access pontJ 
-•two,k anywhe,e 

<disaste, stdcken a,ea, stadu ml 
• Key lechoo log函

I : ご悶：し門~'::two,ktopology change 
・Effciency inf『equencyand powe, 

Figure 1.2: Research domains 

Wireless Ad Hoc networks 
Research Subjects 

Netvvork design皿d
control 

疇

Personal Wireless Links 

Microdevices 

Network Theory 

Technical Features of Ad Hoc Networks 

• Dynamic Network Topology 
• Limited Power and Bandwidth 
• Non-negligible Inter-layer Dependency 
• Tremendous Potential ofDirectional Antennas 
• Lack ofN¥VDesign Rule 

Figure 1.3: Research subjects 
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Figure 1.4: Excpected performances 
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In department 3, research is being carried out on smart antennas, promis-
ing key components for future wireless ad hoc networks. 

In fact, an ESP AR (electronically steerable parastic array radiator) an-
tenna is developed as the smart antenna. Since the ESPAR antenna steers 
autonomously its beam toward the arrival direction of desired radio waves and 
steers the nulls of the beam toward the undesired interfering waves, power-
savings and frequency reusability in ad hoc networks can be greatly improved. 
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Chapter 2 

Adaptive ESP AR antenna 

2.1 ESP AR antenna and signal model 

As a practical hardware realization of the ABF concept, the Electronically 
Steerable Parasitic Array Radiator (ESPAR) antenna has been proposed. In this 
section, ESPAR antenna configuration and signal modelisation are reviewed [2]. 

2.1.1 ESPAR antenna configuration 

The ESPAR antenna consists of (M + 1) elements with M = 6 in our con-
figuration. For example, a 7-element ESPAR antenna is depicted in Figure 2.1. 

V1,V2, ... , V6 

Control Voltaoe 

゜

Figure 2.1: Configuration of an ESPAR antenna 

This antenna is a reactively controlled array with only one active radia— 
tor. The 0-th element is the active radiator on a quarter-wavelength monopole 
located at the center of a circular ground plane. The J¥IJ remaining parasitic 
elements symmetrically surrounding the active radiator. The pattern of this 
antenna is controlled by adjusting the values xm, m E(l, • • • , NI) of the reac-
tances connected to the parasitic radiators. 
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In practical applications, the reactances may be constrained in certain 
ranges, e.g., from -300 D to 300 D. Consequently, the vector denoted by 

X = [x1,X2, ・ ・ ・,Xm, ・ ・ ・,XJVJ]T (2.1) 

is called the reactance vector. 
Now, output formulation of the ESPAR antenna can be determined. Lets 

denote s(t) = [so(t), s1(t), .. ・, sm(t), ・ ・ ・,sM(t)jT, where the component sm(t) 
is the RF signal impinging on the mth element and i = [i0,i1, • ・ ・,iM叶互 where
im is the RF current appearing on the mth element. Therefore the single-port 
output y (t) of the皿 tennais formulated in Eq. 2.2 . 

y(t) = iTs(t), 

2.1.2 ESPAR antenna model 

(2.2) 

For convenience, the model of the ESPAR antenna is derived in a transmit 
mode (theorem of reciprocity tells us that all the following results are also 
available in the receive-mode). Now RF current vector i will be derived as a 
function of the reactance vector. 

The RF voltage of the central element, can be imposed as function of the 
RF current appearing on this element : 

Vo= Vs -z。io, (2.3) 

where Z。isthe output impedance, and Vs is the internal source RF voltage. In 
the same way we impose the RF voltage on the reactance Xm to be 

Vm = -jな叫m, m = 1,2, ... ,NI. (2.4) 

So we can form the RF voltage vector v = [v0, ... , v加・..,VNI『.Then, the RF 
voltage vector can be explained as a function of i: 

Vo Vs-Z。i。 1 

V1 -jx1i1 

゜V=I 
Vm I = J -j切叫m =¼ 。I-xi, (2.5) 

砂 I」 L-JXivJ国」 Lo 
where X = diag[Z。9立1,... , j x M] is called the reactance matrix. In addition, 
the RF current vector i and RF current voltage v have the relationship : 

i=Yv, 

where Y is the admittance matrix, with 

Yoo 

Y =  
Ykl 

YMo 

(2.6) 

Y□M 

(2.7) 

YMM 
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and如 representsthe mutual admittance between the elements k and l for 
(k, l) E [O, M]竺

By replacing the voltage vector in (2.6) by its expression in (2.5), the 
current vector becomes : 

i =¼(IM+i + Yx)-1y。 (2.8) 

where IM+l is the identity matrix of order M + 1. Moreover, the (NI+ 1)-
dimensional vector y。and(M + 1) by (M + 1) matrix Y are constant and 
determined by the structure of the ESPAR antenna. Notice that this current 
vector i, and thus y(t) is a function of the reactance vector x of Eq. (2.1.1). 

By the reciprocity theorem, it holds, similarly to conventional array an-
tennas, that 

¥/(k, l) E [0, M]2, Ykl = Ylk• (2.9) 

In addition, the cyclic symmetry of the elements of the ESPAR antenna implies 

Yu = Y22 = Y33 = Y44 = Y55 = Y66 
Yol = Yo2 = Yo3 = Yo4 = Yo5 = Yo6 
祖2= Y2s = Y34 = Y45 = Y56 = Y61 
Yl3 = Y24 = Y35 = Y46 = Y5l = Y62 

Y14 = Y25 = Y36 

Finally, equation (2.9) implies that the admittance matrix Y is determined 
by only 6 components of the mutual admittances [2] y00, Y10, Yu, Y21, Ys1 and 
如1.The values of these 6 components depend on the physical structure of the 
antenna, e.g., the radius, the space intervals and the lengths of the elements, 
and therefore are constant. 

Summarizing the above explanation, we write the admittance matrix Y as 

Yoo YlD Y10 
Y10 Yll Y21 Y31 Y41 Y31 Y21 

Y21 y31 

Y=I Y3l Y41・ (2.10) 

Y41 Y31 

Y31 Y21 
YlO Y21 Y3l Y41 Y3l Y21 Yn 

Similarly, the y。vectorcan be rewritten as y。=[Yoo, Yrn, Y10, • • •, Y10JI'. 
The i current vector can also be formulated as [2] 

i = Vs(Z + x)-1uo, (2.11) 

where the (M + 1)-dimensional vector u。isequal to [1, 0, ... , OjT. Moreover, 
the (M + 1) by (M + 1) impedance matrix Z is simply the inverse of the Y 
admittance matrix. 

However, contrary to conventional adaptive array antennas, the signal vec-
tor s(t) impinging on the elements of the ESPAR antenna is not measurable. 
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For the ESPAR antenna, only the single-port output y(t) can be measured. Un-
fortunately, this is a highly nonlinear function of x, and includes an intractable 
matrix inverse, which makes it difficult to produce an analytical expression of 
adaptive performance. It is also interesting to note that the current vector i 
is equivalent to the weight coefficient vector of the conventional adaptive array 
processing. It is clear from Eq. (2.8) that each component of i, unlike the 
weight vector of the conventional adaptive array processing, is not independent 
but mutually coupled with each other. The discussion above implies that a di-
rect application of most of the algorithms of the conventional adaptive array to 
the ESPAR antenna is impractical. 

2.1.3 Signal model 

First of all, we give a steering vector of the ESPAR antenna. Consider the 
JV!+ 1-element ESPAR antenna as shown in Figure 2.2. 

Figure 2.2: Geometry of an ESPAR antenna 

The mth element is placed at an angle転＝聾(m-1), mE[l,2, ... ,M] 
relative to an arbitrary axis. When an incoming wavefront is impinging on the 
antenna from a Direction-of-Arrival (DoA) of 0 relative to the same reference 
axis, there is a spatial delay of Reos(0ー心） between the signals received at 
the pair of the m-th element and the 0-th element. Considering the incident 
signal has a wavelength of入， thisspatial delay can be expressed as an electrical 
angular difference defined by熙Rcos(0ー止）．

For the ESPAR antenna the radius is R =¼then the steering vector for 
a DoA of 0 can be expressed as 2.12 
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Suppose there are a total number of D transmitted signals ua(t) with 
direction-of-arrivals (Do As)釦 (d= l, ... , D). Let sm(t) (m = 0, 1, ... , M) 
denote the RF signal impinging on the mth element of the antenna, and let s(t) 
be the column vector with mth component sm(t). Then, the column vector s(t) 
may be expressed as 

D 

s(t) =La(釦）四(t)' (2.13) 
d=l 

where a(佐） is the steering vector depending on the structure of the ESP AR 
antenna for the DoA of 0か

According to this signal model, we can give the output of the ESPAR 
antenna as [2] 

D 

y(t) = iTs(t) +n(t) = Lira(幻）四(t)+ n(t), (2.14) 
d=l 

where n(t) is an additive white Gaussian noise and i is the RF current vector. 
The RF currents appearing on the elements are not independent but rnu-

tually coupled with each other, and depend on the value of the reactances. The 
RF current vector is i(t) = [io(t), ... ,im(t), ... , 国 (t)l互withthe component 
im(t) appearing on them-th element. Notice that the t from the current vector 
i(t) is voluntarily omitted for the sake of simplicity and this vector will be noted 
i. 

Compared with conventional array antennas, ESPAR antenna has low 
hardware complexity, low cost and low power consumption. The ESPAR an-
tenna, does not need RF-amplifiers, bandpass filters, A/D converters for each 
element like in conventional adaptive array. This specific antenna seems to he 
suitable for mobile applications and wireless computer network. 

However, because of the configuration of the ES PAR antenna, three di:ffi-
culties are encountered with the development of adaptive algorithms : 

• Signals on the surrounding passive elements [1, • • • , ./VI] cannot be ob-
served. Only the single-port output can be measured and processed as 
feedback to adjust the reactances. 

• The RF currents are not independent but mutually coupled with each 
other, and depend on the value of the reactances. 

• The single-port output is a highly nonlinear functions of these variable 
reactances and includes an intractable matrix inverse (see Eq. 2.12). 
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Chapter 3 

Criterion diversity applied for 
adaptive algorithms 

3.1 C . . ntenon Diversity 

Usually, in adaptive algorithms, only one criterion is used for beamforming. 
Table 3.1 shows two criteria values and their characteristics for blind beamform-
ing for ESPAR antennas. These criteria are blind, so they do not use training 
symbols but only the received signal. The used blind criteria are: 

• the 2nd order Moment and 4th order Moment (M2M4). 

• the Maximum J¥/lth order Moment Criterion(MMMC). 

In table 3.1, Pn represents the criterion value and N8 denotes the number 
of sample statistic moments. In fact, criterion Pn is computed from応 samples
of the array of the output signal yか

Furthermore, an other parameter for the MMMC is M which represents 
the J¥/Ith order of the criterion. 

Unfortunately, Table 3.1 shows that all criteria have a trade-off problem 
between their convergence speed and their stability. 

Table 3.1: Comparison of the Blind beamforming criteria for ESPAR antennas 

Criterion IT M2M4 MMMC 

Value Pn = 区;:!1 IY出 p — 応戸れ=1 Yn 叫2

加12r
n - Ns 

[yぎ12｛ご:,1
~n=l 

Speed High Low 

Stability Low High 

SNR estimation possible possible 

Characteristics of these blind criteria are illustrated in figure 3.1. In this 
one, an adaptive algorithm uses only one criterion at a time. In fact, it appears 
that convergence of M2M4 criterion is faster than MMMC whereas stability is 
better for this last one. 
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60 70 80 

Figure 3.1: SGA convergence curves using different criteria, SNR= lOdB, DoA 
[0°45°]. 

Consequently, to overcome this problem and to obtain a blind adaptive 
beamforming with faster and more stable convergence, both of these criteria 
can be used within adaptive algorithms: this is the basic principle of cr・iterion 
diversity. 

Usually, only one criterion is used during the blind beamforming whereas 
this new method determines the optimum criterion among the M2M4 and 
MMMC at each update of the reactances values [6]. 
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3.2 Steepest Gradient Algorithm with criterion 

diversity 

3.2.1 Algorithm principle 

We can now describe a gradient-based algorithm with criterion diversity 
for the ESPAR antenna. This algorithm uses both blind criteria M2M4 and 

MMMC for criterion diversity (they are designated as PnM2M4 and PnMMMc)-
This principle is used as cost function for the steepest gradient algorithm. 

First, let's define a gradient vector of▽ Pn which is expressed as : 

▽ Pn~[!]• 

where紐"'-denotes the derivative with respect to reactance vector x. 
ふI

(3.1) 

Then, basically the steepest gradient algorithm with criterion diversity 
proceeds as follows: 

• Step 1: Set initial values for the reactance vector x. Generally x is set to 
a zero vector which leads to an omni-directional antenna. 

• Step 2: Using the present reactance vector guess, calculate the gradient 
vector▽ Pn on two different ways using M2M4 and MMMC. 

• Step 3: Compute next guess of the reactance vector, by choosing the 
criterion with the greatest norm on the gradient vector▽ Pn・ 

• Step 4: Go back to step 2 and repeat the process during N iterations. 

According to the flowchart of steepest gradient algorithm, we can observe 
that successive corrections to the reactance vector x in the directions of the 
positive of the gradient vector should lead to a good reactance vector. 

Then, according to the steepest gradient theory, ifwe denote x(n) the value 
of reactance vector x at time n, this algorithm will be ruled by the recursive 
relation: 

x(n+l)=x(冗） +μ ▽ Pn, (3.2) 

whereμis a constant positive value that controls the convergence speed 

[2]. 
However there may be some problems to compute the gradient vector 

▽P冗. In fact, as it was stated in the Introduction section, it may be difficult 
to analytically represent the gradient vector as a function of x because of the 
presence of the intractable matrix inverse in the representation of y(t), and 
the signal vector impinging on the elements on the ESPAR antenna cannot be 

observed. 
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That is why, an estimate of the gradient vector ofEq.3.1 may be derived by 
the use of finite-difference approximation of derivatives. Specifically, the partial 
derivative term .§.p,,__ 

必；m
can be processed as : 

砧匹(xi,・・・,Xm+△圧，..., 砂 1)-Pn伍，..., 叫n,... , 年）
ー= m=l・・・ 
紐 m △叫

, ,NI, 

(3.3) 
by incrementing圧 toXm+△ぉm,where△Xm is the perturbation size pa— 

rameter. 
As shown in the Eq.3.3, only one component of the gradient vector▽ Pn 

is calculated at a time from the output of the antenna. Consequently, all the 
components of reactance vector x are sequentially perturbed in order to get one 
gradient vector for each iteration of Eq.3.1.Furthermore, this process has to be 
realized twice because of criterion diversity. In fact, ▽ Pn is computed using 
M2M4 and also MMMC. Then, the criterion which has the greatest norm on 
▽ Pn will be selected. The flowchart of this adaptive algorithm is shown in figure 
3.2. 

It is difficult to determine analytically the performance of the ESPAR 
antenna. Therefore simulations are required to validate this algorithm. Iteration 
number is set to 10, whereas different DoA and SNR initial values will be used 
during simulations. 

3.2.2 Simulation results 

The presence of the intractable matrix in the single-port output of the ES-
PAR antenna causes some difficulties to describe analytically its performances. 
That is why simulations with the Matlab software have been conducted. 

In these one, a 7-element(M=6) ESPAR antenna is employed. This choice 
is based on the researches on the pattern-forming capability of 2-, • • • , 9-ele-
ments ESPAR antenna in [7] and [8]. It has been proved that ESPAR antennas 
with few elements can not steer a beam and a deep null simultaneously. In fact, 
the more the number of elements increases, the more the beamforming capabil-
ity becomes stronger. The 7-element ESPAR antenna can form one beam and 
multiple nulls in almost all directions except the regions where the directions 
of the beam and nulls are about 30 degrees [8](the capability of a 9-element 
antenna is slightly better, with elements that can steer a beam and that can 
provide deeper nulls are possible). 

First, simulations have been conducted to observe the effect of the step-
size parameter~i in Eq.3.2. For this simulation, the adaptive algorithm does 
not use criterion diversity (only one criterion is used to compute the gradient 
vector),the perturbation size parameter value, the DoA and SNR are fixed. 

Figure 3.3 confirms that the rate of convergence of the ESPAR antenna is 
dependent on the step-size parameterμ. This simulation has been conducted 
whereas△ x parameter is fixed andμparameter value will be changed. 

The figure on the left represents the CDF (cumulative distribution func-
tion) of the Beam to Null Ratio (BNR) of the SGA for different step sizes values. 
In fact, the CDF curve indicates the probability that the BNR will reach certain 
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values. For example, the cross on the CDF means that the probability for the 
BNR the SGA to reach 5dB is equal to 50 %. 

These statistics for 1000 trials of 10th iterations of SGA. Furthermore, 
the figure on the right represents the output SIR compared to the number of 
samples. 

For 10 iterations of SGA, figure 3.3 shows that as soon as the step-size 
reaches the value of 1500, the CDF and output SIR curves will be almost the 
・same. 
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Figure 3.2: SGA with criterion diversity flowchart. 
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Figure 3.3: SGA CDF and convergence curves with different Step Sizes values, 
SNR= lOd.B, DoA [0°45°}. 

Then, simulations have also been conducted to observe the effect of the 
perturbation-size (△ x) parameter. Like the previous simulation, △ x value will 
change while step-size parameter will be set to 1500. 

CDF and convergence curves are shown in Figure 3.4. It confirms that this 
parameter also affects the convergence rate. In fact due to these simulations 
results, △ x parameter value will be set to 32. 
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Figure 3.4: SGA CDF and convergence curves with different Delta x values, 
SNR= lOdB, DoA [0°45°). 

Moreover, mechanism of criterion diversity has been simulated. According 
to Table 1, M2M4 is the fastest criterion but not stable, contrary to MMMC. 
Figure 3.5 shows the criterion selection probability between M2M4 and MMMC 
for SGA using criterion diversity. 

These statistics has been also conducted for 1000 trials of 10th iterations of 
SG A. It shows that at the beginning of the update, M2M4 is the most frequently 
blind criterion selected. On the other hand, as it goes to the convergence, the 
MMMC is selected more often. 
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Figure 3.5: SGA selection rate curve, SNR= lOdB, DoA [0°45°]. 

Figures 3.6, 3.7 and 3.8 are beam pattern results of SGA adaptive beam-
forming while using only M2M4 criterion, MMMC and criterion diversity. 
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Figure 3.6: SNR= 5dB, DoA [0°45°] on the left and DoA [0°60°] on the right. 
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Figure 3.7: SNR= lOdB, DoA [0°45°] on the left and DoA [0°60°] on the right. 
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Figure 3.8: SNR= 20dB, DoA [0°45°1 on the left and DoA [0°60°1 on the right. 

In fact, simulations have been conducted for different SNR (5dB, lOdB 
and 20dB)and also for several DoA's: [0°45°1 and [0°60°1 (in a DoA, the 
first number is the direction of the signal of interest whereas the second one is 
direction of the interference signal). 

As we can see on these patterns, the BNR is always higher for SGA using 
criterion diversity than for the others. That is why, it seems that criterion 
diversity leads to improve blind beamforming for SGA. 

Figures 3.9, 3.10 and 3.11 are convergence curves in order to compare 
efficiency of SGA using criterion diversity against adaptive algorithms which 
employs only one criterion. In fact, output SIR is compared between these 
algorithms with average of 1000 trials of 10th iterations for SGA. In fact, these 
figures show that whatever are the SNR and DoA's initial values, accuracy of 
SGA with criterion diversity is better. Consequently, criterion diversity leads 
to a better beamforming compared to using one criterion only. 
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Figure 3.9: SGA convergence curves, SNR= 5dB, DoA [0°45°] on the left and 
DoA [0°60°] on the right. 
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3.3 Sequential Random Algorithm with criterion 

diversity 

3.3.1 Algorithm principle 

In section 3.2, it has been shown that a gradient-based method has been 
developed to make the ESPAR antenna steers its beam and nulls automatically, 
where a sequential perturbation is needed to determine each component of the 
gradient vector. However, this technique requires M + 1 measurements of the 
cost in each iteration which takes (M+l) times the duration of a conventional 
blind adaptive array processing. 

One of the main algorithm for adaptive beamforming is called the random 
search algorithm, which consists of making a random change in the bias voltage 
vector simultaneously. This random search algorithm requires only a single 
measurement of the cost for each iteration. Nevertheless, nothing is learnt when 
a trial is completed because the next trial is completely independent from the 
previous one. Indeed it does not take any local continuity properties of the cost 
surface such as SGA. 

That is why, a Sequential Random search Algorithm (SRA)has been pro-
posed. In this one, a random change is made simultaneously in the reactance 
vector x. The cost (e.g., blind criteria: M2M4, MMMC or criterion diversity) 
is measured before and after the change, and these measures are compared. 
Then if the random change increases the cost, this one is accepted. Other-
wise the change is rejected. According to [3], compared to pure random search 
algorithm, this one improves the performance of the adaptive ESPAR antenna. 

In fact, let's denote V = [乃兄，···,½叫 theM-dimensional vector whose 
components are the bias voltages on reactances Xm, 叫 1,• • • , JVI] respectively. 
Then, series of bias voltage vector V(n) are generated : 

V(n) =R(n),nE[l,・ ・・,N] (3.4) 

where R(n) is a vector of voltages values selected by a random number 
generator over the range of bias voltages on the varactors and n is the iteration 
step. 

Each component of random vector R(n) can be selected from different 
ways: 

• random variables with uniform distribution over a -b to b range (b is a 
positive value). 

• gaussian sequence with zero mean and variance CJ位ispositive value). 

In fact the value of b and CJ may be constant but it seems more reasonable 
that the range of uniform distribution and the variance of gaussian distribution 
values decrease during the iteration processing. Therefore, according to (3] an 
alternative to the range parameter and the variance CJ can be used as : 

b(叫＝
b。

1+舟’
(3.5) 

28 



面）＝
び0

1+ユ＇
(3.6) 

T.N 

Similar methods are explained in [9] and [10] where parameters values 
decrease whereas the increment of the iteration step. 

Consequently, if we denote J(V(n)) as an estimate of the cost value when 
V(n)is fed in the reactances, this procedure can be algebraically described as : 

1 
V仇+1)= V(n)+ー (l+sg叫J(V(n)+R(n))-J(V(n))])R(n),n = 1, 2, ・ ・ ・, N-1 

2 (3.7) 

where sgn[z] equals +1 for z 2 0 and -1 for zさ0.
Then, this algorithm has been applied to criterion diversity. Consequently, 

the basic principle of the SRA using criterion diversity proceeds as follows : 

• Step 1: Set initial values for the reactance vector x. Generally xis set to 
a zero vector which leads to an omni-directional antenna. 

• Step 2: Both blind criteria are computed (M2M4 and MMMC). 

• Step 3: A random change is made on the voltage vector, which leads to a 
new reactance vector. 

• Step 4: Calculate again values of the blind criteria and compute the dif-
ference before and after the update in the voltage vector. 

• Step 5: The criterion which has the greatest difference is employed for 
this algorithm and then update the reactance vector. Otherwise if the 
differences of the two criteria are negative, the change is rejected and the 
algorithm keeps the previous reactance vector. Finally go back to step 2 
and repeat the process during N iterations. 

The flowchart of sequential random algorithm using criterion diversity is de-
picted in Figure 3.12。

3.3.2 Simulation results 

Nevertheless, according to [3] simulations have been conducted with differ-
ent forms of random vectors Rand it has been shown that gaussian distribution 
provides better results than uniform distribution. Consequently, gaussian dis-
tribution will be used for all matlab simulations. Furthermore, iteration number 
will be set to 50 for all SRA simulations. 

First, effect of the O"o parameter has been studied. Figure 3.13 represents 
the result of SRA simulations using only MMMC criterion with different values 
of theび parameter.In this one DoA, SNR andT parameters values are fixed. 
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Figure 3.12: SRA with criterion diversity flowchart. 
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Figure 3.13: SRA CDF and convergence curves with different sigma parameter 
values, SNR= lOdB, DoA (0°45°]. 

30 



Then the effect of the T parameter has been considered in the case of 
the gaussian distribution of the random vector R. In figure 3.14, CDF and 
convergence curves are depicted whereas T parameter value is changed. These 
two curves show that the SRA seems to be more efficient if the T parameter 
equals 5. Consequently, in all the sequential random algorithm simulations T 

parameter value is set to 5. 
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Figure 3.14: SRA CDF and convergence curves with different T parameter val-
ues, SNR= lOdB, DoA [0°45°]. 

Furthermore, figures 3.15, 3.16 and 3.17 are results of SRA adaptive 
beamforming while using only M2M4 criterion, MMMC or criterion diversity. 
In fact, simulations have been conducted for same SNR values (5dB, lOdB and 
20dB)and DoA's ([0°45°] and [0°60°]) as the steepest gradient algorithm. 
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Figure 3.17: SNR= 20dB, DoA [0°45°1 on the left and DoA [0°60°1 on the 
right. 

Figures 3.18, 3.19 and 3.20 are convergence curves in order to show 
efficiency of SRA criterion diversity. In fact, it compares output SIR with 
average oflOOO trials of 50th iterations for SRA. 

Finally, it appears that same as steepest gradient algorithm, whatever 
are the initial SNR and DoA's values criterion diversity leads to a better blind 
beamforming when it is applied to the sequential random algorithm. 
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3.4 Comparison of the two algorithms with en-

terion diversity 

Now that we have described both algorithms using criterion diversity, we 
can discuss about the advantages and the drawbacks of each algorithm. 

First, we can notice that beams patterns and convergence curves have 
shown that adaptive algorithms which employ criterion diversity lead to a better 
blind adaptive beamforming. Then, Table 3.2 shows characteristics for both 
blind adaptive algorithms appled to criterion diversity for ESPAR antennas. 

Table 3.2: Algorithms with criterion diversity for ESPAR antennas 

I Algorithms II SGA I SRA I 

s悶：心「贔 IIiこ I~芯
In fact, simulations have shown that when the value of the Signal-to 

Noise Ratio (SNR) is high (around 20 dB), the accuracy of SRA using criterion 
diversity is better and forms a beam where the desired signal is and a deep 
null towards the interference signal . On the contrary when SNR is low, SGA 
becomes much more efficient than the SRA. That is why, an adaptive control 
can be imagined by using both algorithms with criterion diversity because as we 
usually can not know the value of SNR, both of them are efficient in different 
conditions. 

Furthermore, time duration problems can be encountered. In fact, the 
SG A algorithm shows more complexity, thus takes much more time to be pro-
cessed than the SRA technique if the iteration number is the same for these two 
algorithms. It can be explained by the fact that SGA has to compute a gradient 
veはorfor each parasitic element for a 7-element ESPAR antenna (see Fig. 4). 

Although SGA can form both a beam and nulls for patterns even if the 
SNR value is high, complexity of the SGA is much higher than the SRA, that 
is why the SRA is better to use for high SNR. It is still also more efficient than 
SRA in certain conditions when the desired and interference signals have almost 
the same power. 
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Chapter 4 

Diversity of both algorithms 
and criteria 

4.1 Ad ・aptive control principle 

The rnain objective of this adaptive control is to combine the SGA with the 
SRA, each of these algorithms using criterion diversity. Consequently, adaptive 
control should improve patterns whatever the power value of the impinging 
signal is. In fact, the rnain ability of diversity of both algorithms and criteria is 
to be able to switch from the SRA to the SG A during the blind beamforming. 

Basically, this algorithm proceeds as follows : 

• Step 1: Process the Sequential Random Algorithm with criterion diversity 
during NsNR times. 

• Step 2: Proceed to a SNR estimation after N SN R iterations. 

• Step 3: Compare SNR to a threshold value (set to be lOdB). 

• Step 4: If SNR is below the threshold value, process the SGA algorithm 
with criterion diversity during (N-NsNR) times. Otherwise process again 
the SRA algorithm during (N-NsNR) times. 

There are two other different parameters which control this adaptive algo-
rithrn: NsNR and also the threshold value. Because iteration number has been 
set to 50, NsNR value will be set to half the processing of the algorithm (NsNR 
set to 25).The flowchart of this adaptive control is depicted in Figure 4.1. 

Consequently, if after N iterations SNR is higher than the threshold value, 
adaptive control will be at least as efficient as the Sequential Random algorithm 
using criterion diversity. On the contrary, if SNR estimation is still lower than 
the threshold value after NsNR iterations, it means that the SGA blind beam-
forming is better than the SRA, that is why the adaptive control switches from 
the SRA to the SGA. 
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Figure 4.1: Adaptive Control using concurrent algorithm and criterion diversity. 

4.2 Simulations and discussions 

Simulations have been conducted in order to evaluate the performance of 
the adaptive control of the algorithms. ESPAR antenna patterns have been 
simulated for several DoA's and for different SNR values (between O and 20dB). 
In the simulations, a desired signal is impinging on the ESPAR antenna and 
furthermore an interference signal is also added. 

Figures 4.2, 4.3 and 4.4 are beamforming results of adaptive control using 

concurrent criterion and algorithm diversity. It shows that whatever the value 
of the SNR is, blind beamforming of the adaptive control will be better than 

the SGA and the SRA using criterion diversity. 
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Figure 4.2: SNR= 5dB, DoA [0°45°] on the left and DoA [0°60°) on the right. 
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Figure 4.4: SNR= 20dB, DoA [0°45°1 on the left and DoA [0°60°1 on the right. 

Figures 4.5, 4.6 and 4.7 are convergence curve swhich compares con-
current criterion and algorithm diversity versus the SGA and the SILi¥. with 
criterion diversity. These simulations have been conducted with 1000 trials of 
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50th iterations (N parameter) and NsNR is set to 25. It shows that during 
N恥 firstiterations, convergence.curves of concurrent criterion and algorithm 
diversity and SRA are almost the same. But in fact, for every sample at the 
N訓 iteration,if SNR value is below the threshold parameter, SGA algorithm 
will be used instead of the SRA. 

As threshold value is set to lOdB, few samples of concurrent criterion and 
algorithm diversity will switch from the SRA to the SGA. In this case, reactance 
vector will be initialized, that is why output SIR value of concurrent criterion 
and algorithm diversity seems to drop and then after converge quickly to reach 
output SIR value of SGA algorithm. 

Finally, concurrent criterion and algorithm diversity is as efficient as the 
SGA algorithm (for this simulation, SGA convergence curve is better than SRA). 
However, concurrent criterion and algorithm diversity is less complex than SG A 
(because SRA is less complex than SGA), that is why this new algorithm is 
more efficient than others. 
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Figure 4.5: SNR= 5dB, DoA [0°45°] on the left and DoA [0°60°] on the right. 
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Conclusion 

In this paper, a new solution to the deployment of smart antennas for 
wireless communications systems is presented. First, basic principle of criterion 
diversity has been developed. Furthermore this technique has been used for two 
different criteria: M2M4 and MMMC. These blind criteria are complementary 
because the first one has a fast convergence but a low stability which are the 
exactly opposite characteristics of the MMMC. 

Then, this method has been applied for two different blind adaptive al-
gorithms: the Steepest Gradient Algorithm (SGA) and the Sequential Random 
Algorithm (SRA). Both of these adaptive controls have been adapted for using 
criterion diversity. Simulations have been conducted in order to compare them 
when they are using only one criterion (M2M4 or MMMC) or criterion diversity. 

For both of them, it has been shown that criterion diversity leads adaptive 
algorithms to form faster directional patterns with a more stable convergence. 
However, efficiency of both SG A and SRA depend on SNR conditions (on signal 
power). In fact, a blind adaptive control could be imagined while using both of 
SGA and SRA : this is the principle of using concurrent criterion and algorithm 
diversity. 

Consequently, an adaptive control has been performed, which can use both 
of these blind adaptive algorithms. Therefore, simulations have been conducted 
in order to validate this algorithm. 

That is why, using diversity of both algorithms and criteria leads to im-
provement in blind adaptive beamforming for ESPAR antennas. 

During my internship, I have submitted two papers for papers for confer-
ences. These two papers called "Concurrent Criterion -and Algorithm -Diver-
sity Blind Adaptive Beamforming for an ESPAR antenna11 have been published 
in IEICE national conference. 
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Appendix : Matlab Source Files 



BothDiversities. m 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% Alga de Aono % 

% Version Finale % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

clear al I % new workspace 

m=6; 

z_s=50; 

Ns=64; 

M=4; 

N=50; 

% number of parasitic elements 

% output impedance of transmitter 

% number of samples 

% MPSK 

% Iteration Number 

Nsnr=25; % switching number 

SNR_d8=20; % Initial SNR (in dB) 

n0=10-(-SNR_dB/10) ; % noise power 

int_type=2; % Signal type (1 :QPSK, 2:RAND-PHASE PSK, 3:NO INTERFERENCE) 

step_s=1500; % step size 

rep_sig=exp(-j*([O:M-1]/M*2*Pil); 

%%%%% SRA parameter%%%%%% 

vo l_s i ze = [-2048 2047] ; 

SIGMA = [2000] ; 

%%%%%%%%%%%%%%%%%%%%%%%%%% 

%%%%% SGA parameter%%%%%% 

delta_x=32; % perturbation size 

criterion=O; 
％％％％％％％％％％％％％％％％％％％％％％％％％％ 

x―.size = -(0. 0217*vo l_s i ze+49. 21) ; 

threshold= 10; % threshold parameter for switching algorithms (in dB) 

% admittance matrix components: 6 components for a 7 element ESPAR antenna 

y00=0. 0008616-j *O. 0120795; 

y10=-0. 0006963+ j *O. 0036462; 

y11 =O. 0044216-j *O. 0071600; 

y21 =O. 0009721 + j *O. 0047851 ; 

y31 =-0. 0005376-HO. 0011297; 

y41=0. 0001701-j*O. 0002950; 

%%%%%%%%%%%%%%%%%%%%%%% 

% Y : admittance matrix 

% yQO parameter 

% y10 parameter 

% y11 parameter 

% y21 parameter 

% y31 parameter 

% y41 parameter 

Y=[yOO y10 y10 y10 y10 y10 y10; 

y10 y11 y21 y31 y41 y31 y21; 

y10 y21 y11 y21 y31 y41 y31; 

y10 y31 y21 y11 y21 y31 y41; 

y10 y41 y31 y21 y11 y21 y31; 
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y10 y31 y41 y31 y21 y11 y21; 

y10 y21 y31 y41 y31 y21 y11] ; 

% inverse of the admittance matrix: Z 

Z=i nv (Y) ; 

% in it i a I i sat ion 

range =300; 

CDF = zeros (1, range) ; %CDF 

CDF_SINR = zeros (1, range); 

sample =1000; % number of samples used for the simulation 

% DoA: Direction of Arrival=〉1stnumber: desired s i gna I, others: interferences s i gna Is 

DoA= [O 45] 

ret= [] ; 

ga = [] ; 

Tab I o=zeros (1, N) ; 

Tablo_SINR=zeros (1, N+1); 

Tablo_SINR_half=zeros (1, Nsnr+1); 

SINR=zeros (1, N+1); 

Tab_BNR_CDF=zeros (1, samp I el ; 

Tab_BNR_BestCr i ter ion=zeros (1, samp I el ; 

resolution=360; 

Tablo_Gain=zeros (1, resolution); 

cptSGA=O; 

cptSRA=O; 

％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％ 

% Time display 

start_p = time_disp1 (sample); 
％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％ 

% beginning of the sample loop 

for i i = 1 : s amp I e 

vol_size = [-2048 2047]; 

X_size = -(0. 0217*vol_size+49. 21); 

%%%%%%%%%%%%%%%%%%%%%%%% 

% X : Reactance Matrix 

vol = rand int (m, 1, vol_size); 

X = -(0. 0217*vo1+49. 21) ; 

X = di ag ([z_s ; X* j]) ; 

% Unit Vector 

u_O=zeros (m+1, 1) ; 

u_O (1) =1; 

phi =DoA/360*2*P i ; 

n_arrival=length (phi); 

% [deg-〉rad]
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power _dB = [3] ; 

power _i =1 O" (-power _dB/10) ; 

power=[1 power_i]; 

%%%%%%%%%%%%%%%%%%%%%%%% 

% a_ph i : steering vector 

a_phi=zeros (m+1, n_arrival); 

for i=1 :n_arrival 

a_phi (:, i)=[1 exp(j*pi/2*cos(phi (i)-[O:m-1]/m*2*Pil)]'; 

end 
%%%%%%%%%%%%%%%%%%%%%%%% 

% Vectors Initialization 

J_t r=zeros (1, Nl ; 

dJ_dx=zeros (1, m+1l ; 

dJ dx m2m4=zeros (1, m+1) ; % DJ_dx for m2m4 

dJ_dx_mmmc=zeros (1, m+1l ; % DJ_dx for mmmc 

Tab_J_m2m4=zeros (1, Nl; % Table of gradient vector for m2m4 criterion 

Tab_J_mmmc=zeros (1, Nl; % Table of gradient vector for mmmc criterion 

Tab_J—_CriterionDiversity=zeros(1,Nl; % table of gradient vector for criterion diversity 

Tab_Cr i ter i on=zeros (1, Nl ; 

SER=zeros (1, Nl ; 

sinr=zeros (1, N+1); 

s i nr _ha I f=zeros (1, Nsnr+1) ; 

grad_J=zeros (1, Nl ; 

%%%%%%%%%%%%%%%%%%%%%%%% 

% Signal modulation+ interference+ noise 

[sk, phi 1, nn] =mod_CCK (Nsl ; 

[ref, y) =esper _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

Tab_J=zeros (1, N) ; 

Tab_BNR=zeros (1, N) ; 

gain_dBMin=O; 

sinrMax = 0; 

J_p r e_m2m4=m2m4 (y, Ml ; 

J_p r e_mmmc=mmmc (y, Ml ; 

%%%%%%%%%%%%%%%%%%%%%%%% 

% w : Weight vector 

w=2*X (1, 1) *inv (Z+X) *LI—_O; 
a=conj (w') *ref; 

% Recording the value of J 

% Recording the value of the BNR 

% Recording the sinr maximum value. 

% best criterion 

% best criterion 

s i nr (1) =mean (abs (a). ・2) /mean (abs (y-a). ・2) ; % SI NR 

sinr_half (1)=mean(abs(a). ・2)/mean(abs(y-a). ・2); % SINR 

Tab lo (1) =Tab lo (1) + (1/sample) *sinr (1); 

i f (s in rMax<s i n r (1)) 

s i n rMax = s i n r (1) ; 
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end 

n = 1; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% SRA % 

% with criterion diversity % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

whi I e nく(Nsnr)

n = n+1; 

%sigma parameter 

s i gma=round (SIGMA/ (1+n/250)) ; 

volshift=randn(m, 1)*sigma; % for gaussian distrubution 

volold=vol; 

vol=vol+volshift; 

for index=1 :m % -REAMax<=rea<=REAMax 

if vol(index) 〉vol_s i ze (2) 

vol (index) = vol_size (2); 

elseif vol (index)<vol―_size (1) 

end 

end 

vol (index) =vol_size (1); 

% reactance matrix 

X = -(0. 0217*vol+49. 21) ; 

X = diag([z_s;X*j]); 

% ESPAR antenna output formulation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y] =esper _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

%blind criteria 

J_m2m4=m2m4 (y, M) ; 

J mmmc=mmmc (y, M) ; 

% SINR 

w=2*X (1, 1) *inv (Z+X) *u_O; % weight vector 

a=conj (w') *ref; 

s i nr (n) =mean (abs (a). "2) /mean (abs (y-a). "2) ; 

sinr_half (n)=mean(abs(a). "2)/mean(abs(y-a). "2); %S!NR 

% criterion selection 

Di f f_m2m4= (J_m2m4) -(J_p r e_m2m4) ; 

Di f f_mmmc= (J_mmmcl -(J_p r e_mmmc) ; 

if (Di ff _m2m4〉Dif f_mmmcl & (Di f f_m2m4〉=Ol

% m2m4 criterion choosed 

J_pre_m2m4 = J_m2m4; 

if n == N 

break 

end 

elseif (Diff―_mmmc〉Diff _m2m4) & (D if f _mmmc〉=O)
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% mmmc criterion choosed 

J_pre_mmmc = J_mmmc; 

if n == N 

else 

break 

end 

vol=volold; 

if n == N 

break 

end 

n = n+1; 

vo I =vo 1-vo I shift; 

% for every parasitic elements 

for i ndex=1 :m % -REAMax<=rea<=REAMax 

if vo I (index)〉vol_s i ze (2) 

vol (index) = voしsize(2) ; 

elseif vol (index)<vol_size(1) 

vol {index) =vol_size (1); 

end 

end 

X = -(0. 0217*vo I +49. 21) ; 

X = diag([z_s;X*j]); 

% ESPAR output formulation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

% blind criteria 

J_m2m4=m2m4 (y, M) ; 

J_mmmc=mmmc (y, M) ; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% SINR 

w=2*X (1, 1) *inv {Z+X) *u_O; 

a=conj {w') *ref; 

sinr (n) =mean (abs (a). "2) /mean (abs (y-a). "2); 

s i nr _ha If (n) =mean (abs (a). "2) /mean (abs {y-a)、"2); 

% criterion selection 

Di ff _m2m4= (J_m2m4) -(J_p r e_m2m4) ; 

Di ff_mmmc= (J_mmmc) -(J_pre_mmmc) ; 

i f (Di ff _m2m4〉Dif f _mmmc) & (Di ff _m2m4〉=0)

J_pre_m2m4 = J_m2m4; 

if n == N 

break 

end 

e I se if (Di ff _mmmc〉Diff _m2m4) & (Di ff _mmmc〉=O)

J_pre_mmmc = J_mmmc; 

if n == N 

break 

end 
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else 

vol=volold; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%X = -(0. 0217*vol+49. 21); 

%X = diag([z_s;X*j]); 

%[sk, phi 1, nn]=mod_CCK(Ns, phi 1, nn); 

%[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

%w=2*X (1, 1) * inv (Z+X) *u_O; 

%a=conj (w') *ref; 

%sin r (n) =mean (abs (a). -2) /mean (abs (y-a). -2) ; 

%sin r _ha If (n) =mean (abs (a).'2) /mean (abs (y-a).'2) ; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

end 

end 

end 

if n == N 

break 

end 

% steering vector 

resolution=360; 

phi_d=linspace(O, 2*Pi*(1-1/resolution), resolution); 

ar=ones (m+1, resolution); 

for i=2 :m+l 

ar (i, :) =exp (j *P i/2*cos (ph i_d-(i-2) *2*P i /ml) ; 

end 

% reactance matrix 

X = -(0. 0217*vol+49. 21); 

X = diag([50;X*j]); 

w=2*X (1, 1) *inv (z+X) *u_O; 

arout=abs (w'*ar) ; 

sinr(n+1)=mean(abs(a).'2)/mean(abs(y-a).'2); %SINR 

sin r _ha If (n+ 1) =mean (abs (al. -2) /mean (abs (y-a).'2) ; 

gain_dB = 20*1og10(arout/max(arout)); 

BNR = ga i n_dB (DoA (1) +1) -ga i n_dB (DoA (2) +1) ; 

Tab_BNR (ii) =BNR; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%%%%%%%% Half of the Aono Algorithm %%%%%%%%% 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

for (y=1 : 360) 

end 

i f (ga i n_dB (y) < ga i n_dBM i nl 

ga i n_dBM i n=ga i n_dB (y) ; 

end 

if ((sinr (n))(threshold) 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

/4 SGA with criterion diversity % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

vu 



vo I _size = [2048 -2047] ; 

X_size = -(0. 0217*vol_size+49. 21); 

fprintf('SGA algorithm choosed¥n') 

vol_SGA = zeros (1, m+l); 

X = di ag (-(0. 0217*vo I_SGA+49. 21 l * j) ; 

X (1, 1) =z_s; 

n= (Nsnr+1) ; 

cptSGA=cptSGA+l; % SGA counter 

wh i I e n<N 

n=n+l; 

% ESPAR signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

% blind criteria 

J_pre_m2m4=m2m4 (y, Ml ; 

J_p r e_mmmc=mmmc (y, Ml ; 

if criterion==1 

J_pre=J_pre_m2m4; 

else 
J_pre=J_pre_mmmc; 

end 

% w : Weight vector 

w=2*X (1, 1) * i nv (z+X) *u_O; 

a=conj (w') *ref; 

resolution=360; 

phi_d=I inspace (0, 2*Pi* (1-1/resolut ion), resolution); 

ar=ones (m+l, resolution); 

for i =2 :m+1 

ar (i, :) =exp (j*pi/2*cos (phi_d-(i-2) *2*Pi/m)); 

end 

arout=abs (w'*ar) ; 

gain_dB = 20*1og10 (arout/max (arout) l; 

gain= (a rout/max (a rout) l ; 

Tab_BNR (n) = gain_dB (DoA (1) +1)-gain_dB (DoA (2) +1); 

sinr(n)=mean(abs(a).'2)/mean(abs(y-a). ~2); % SINR 

Tabla (n) =Tabla (n) + (1/sample) *sinr (n); 

i f (s in rMax<s i n r (nl l 

s in rMax = s i n r (n) ; 

end 

凡test=X;

% for every parasitic element 

for i =2 :m+1 
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X_ test (i, i) = X_ test (i. i) + j *de I t a_x ; 

i f i mag (X (i, i)) 〉X_si ze (2) 

X (i, i) = X_size (2) *j; 

end 

if i mag (X (i, i)) <X_s i ze (1) 

X(i, i)=X_size(1)*j; 

end 

% ESPAR signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y]=esper_out (sk, a_phi, Z, X_test, nO, power, Ns, M, m, int_type); 

% compute 2 criteria's values 

J_m2m4=m2m4 (y, Ml ; 

J mmmc=mmmc (y, Ml ; 

dJ_dx_m2m4 (i) = (J_m2m4-J_pre_m2m4) /del ta_x; 

dJ_dx_mmmc (i) = (J_mmmc-J_pre_mmmc) /del ta_x; 

X_test (i, i) =X (i, i) ; 

end 

% compute criteria's norms 

Norm_dJ_dx_m2m4=norm (dJ_dx_m2m4) ; 

Norm_dJ_dx_mmmc=norm (dJ_dx_mmmc) ; 

% criterion selection 

if (Norm_dJ_dx_m2m4〉Norm_dJ_dx_mmmc)

criterion=1; 

dJ_dx=dJ_dx_m2m4; 

else 

criterion=O; 

dJ_dx=dJ_dx_mmmc; 

end 

X=X+diag(j*step_s*dJ_dx) ;% update of the reactance matrix 

for i =2: m+1 
i f i mag (X (i, i)) 〉X_si ze (2) 

X (i, il = X_size (2) *j; 

end 
if i mag (X (i, ill (X_s i ze (1) 

X(i, i)=X_size(1)*j; 

end 

end 
% Recording of the values of Norm (m2m4) and Norm (mmmc) 

Tab_Norm_m2m4(n)=Norm_dJ_dx_m2m4; 

Tab_Norm_mmmc(n)=Norm_dJ_dx_mmmc; 

if criterion==1 

J_tr (n) =J_pre_m2m4; 

grad_J (n)=Norm_dJ_dx_m2m4; 

else 

J_tr (n)=J_pre_mmmc; 

grad_J (n)=Norm_dJ_dx_mmmc; 
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end 

Tab―_Criterion(n)=criterion; % updating the table 

end 

resolution=360; 

phi_d=I inspace (0, 2*Pi* (1-1/resolution), resolution); 

ar=ones (mt 1, reso I ut ion) ; 

for i=2 :m+1 

ar (i, :) =exp (Hpi/2*cos (phi_d-(i-2) *2*Pi/m) l; 

end 

w=2*X (1, 1) * i nv (Z+X) *u_O; % weight vectors 

% ESPAR signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

% compute 2 criteria's values 

J_pre_m2m4=m2m4 (y, Ml ; 

J_pre_mmmc=mmmc (y, Ml ; 

if criterion==1 

J_pre=J_pre_m2m4; % m2m4 criterion cheesed 

else 

J_pre=J_pre_mmmc; % mmmc cheesed 

end 

J_t r (n+1l =J_pre; 

a=cenj (w') *ref; 
s i nr (n+1) =mean (abs (a). ~2) /mean (abs (y-a). ~2) ; % SI NR 

Tab le_S INR= (Tab le_SINR* (i i-1) ts i nr) /ii; 

i f (s in rMax<s in r (n)) 

s in rMax = s i n r (n) ; 

end 

areut=abs (w'*ar) ; 

gain_dB = 20*1eg10(arout/max(arout)); 

gain= (a rout/max (a reu t)) ; 

for (y=1 : 360) 

end 

i f (ga i n_dB (y) < ga i n_dBM in) 

ga i n_dBM i n=ga i n_dB (y) ; 

end 

Tab I e_Ga i n= (Tab I o_Ga i n * (i i -1) tga i n_dB) / i i ; 

BNR = ga i n_dB (DoA (1) +1)-ga i n_dB (DoA (2) +1) ; 

T ab_BNR (i i) =BNR; 

ret = [ret ; BNR] ; 

cnt = round (BNR) ; 
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else 

cnt_s = round (s i nr (end)) ; 

SINR= (SINR* (i i-1) +sinr) /ii; 

cptSRA=cptSRA+1; % increments SRA counter 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% SRA ALGO choosed % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

wh i I e n < N 

n = n+1; 

% random change 

s i gma=round (SIGMA/ (1+n/250)) ; 

volshift=randn(m, 1)*sigma; % for gaussian distrubution 

volold=vol; 

vol=vol+volshift; 

for index=1 :m % -REAMax<=rea<=REAMax 

if vol(index)〉vol_s i ze (2) 

vol(index) = vol_size(2); 

elseif vol (index)<vol_size(1) 

vol (index)=vol_size(1); 

end 

end 

X = -(0. 0217*vol+49. 21); 

X = diag{[z_s;X*j]); 

% ESPAR signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y] =esper _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

% compute both blind criteria 

J_m2m4=m2m4 (y, M) ; 

J_mmmc=mmmc (y, Ml ; 

w=2*X (1, 1) *inv (Z+Xl *u_O; % weight vector 

a=conj (w'l *ref; 
sin r (nl =mean (abs (al. -2) /mean (abs (y-a). -2) ; % SI NR 

% compute criteria's difference 

Di ff _m2m4= (J_m2m4) -(J_p re_m2m4) ; 

Di ff_mmmc= (J_mmmc)-(J_pre_mmmc); 

i f (Di ff _m2m4〉Diff _mmmcl & (Di ff _m2m4〉=Ol

% m2m4 choosed 

J_pre_m2m4 = J_m2m4; 

if n == N 

break 

end 

elseif (Diff_mmmc〉Dif f_m2m4) & (D i f f_mmmc〉=Ol

% mmmc choosed 

J_pre_mmmc = J_mmmc; 

if n == N 

break 

end 
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else 

vol=volold; 

if n == N 

break 

end 

n = n+1; 

vol=vol-volshift; 

for i ndex=1 :m % -REAMax<=rea<=REAMax 

if vol(index)〉vol_size(2) 

vol (index) = vol_size (2); 

elseif vol (index)<vol_size(1) 

vo I (index) =vo l_s i ze (1) ; 

end 

end 
X = -(0. 0217*vol+49. 21) ; 

X = di ag ([z_s ; X* j]) ; 

% ESPAR signal model isation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y] =esper _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

% compute bl ind criteria 

J_m2m4=m2m4 (y, M) ; 

J mmmc=mmmc (y, ・ Ml, 

w=2*X (1, 1) *inv (Z+Xl *u_O; 

a=conj (w') *ref; 
sinr(n)=mean(abs(a).'2)/mean(abs(y-a).'2) ;% SINR 

% compute b Ii nd er i ter i a's difference 

Di ff_m2m4= (J_m2m4)-(J_pre_m2m4) ; 

Di ff _mmmc= (J_mmmcl -(J_p r e_mmmc) ; 

i f (D i ff _m2m4〉Diff _mmmcl & (Di f f_m2m4〉=Ol

% m2m4 choosed 

J_pre_m2m4 = J_m2m4; 

if n == N 

break 

end 

elsei f (Di ff_mmmc〉Diff _m2m4) & (Di ff _mmmc)=O) 

% mmmc choosed 

else 

J_pre_mmmc = J_mmmc; 

if n == N 

break 

end 

% none of change increases the cost 

vol=volold; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%X = -(0. 0217*vol+49. 21); 

%X = di ag ([z_s; X* j J l ; 

% [sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

% [ref, y] =esp er _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 
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end 

cptSGA 

cptSRA 

end 

%w=2*X (1, 1) *inv (Z+X) *u_O; 

%a=conj (w') *ref; 

%s i nr (n) =mean (abs (a).'2) /mean (abs (y-a).'2) ; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

end 

if n == N 

break 

end 

end 

resolution=360; 

phi_d=I inspace (0, 2*Pi* (1-1/resolution), resolution); 

ar=ones (m+1, reso I ut ion) ; 

for i =2 : m+1 

ar(i, :)=exp(j*pi/2*cos(phi_d-(i-2)*2*Pi/m)); 

end 

% reactance matrix 

X = -(0. 0217*vol+49. 21); 

X = diag([50;X*j]); 

w=2*X (1, 1) *inv (z+X) *u—_0; 
arout=abs (w'*ar) ; 
sinr (n+1) =mean (abs (a).'2) /mean (abs (y-a).'2); 

Tab lo_SINR= (Tab lo_S INR* (i i-1) ts i nr) /ii; 

% GDF 
ga i n_dB = 20* I og10 (a rout/max (a rout)) ; 

Tablo_Gain= (Tablo_Gain* (i i-1) tgain_dB) /ii; 

BNR = ga i n_dB (DoA (1) +1) -ga i n_dB (DoA (2) + 1) ; 

Tab_BNR (ii) =BNR; 
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espar_formulation. m 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

％
 

ESPAR antenna output ％
 

% formulation % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

function [ref, y] =esp er _out4 (uk, a_ph i, Z, X, nO, power, Ns, M, m, s i g_ type, f _o) 

[aaa, n_arrival]=size (a_phil; 

% unit vector 

u_O=zeros (m+1, 1) ; 

u_O (1) =1; 

for i=1 :n_arrival 

if i ==1 

% CCK modulation 

xc=a_phi (:, i) *uk*sqrt (power (i)); 

ref=xc; 

else 

% Interference type 

if sig_type==1 

% QPSK SIGNAL model isation 

xc=xc+a_phi (:, i)*sqrt(power(i))*exp(j*2*Pi*randint(1,Ns,M)/M); 

elseif sig_type==2 

% RAND-PHASE SIGNAL model isation 

xc=xc+a_phi (:, i) *sqrt (power (i)) *exp U*randint (1, Ns, 360) /360*2*pi); 

end 

end 

end 

% weight vector (w=w_l+j*w」J)
w=2*X (1, 1) *inv (Z+X) *u_O; 

% ESPAR antenna output formula 

y=conj (w') *xctsqrt (nO) * (randn (1, Ns) + j *randn (1, Ns)) /sqrt (2) ; 
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M2M4. m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% BLIND CR ITER I ON % 

% FOR AN ESPAR ANTENNA % 

% MMMC % 

％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％ 

function er i ter i on=mmmc (y, Ml 

Num=mean (y. "M) ; 

Den=mean (abs (y. "M). "2) ; 

er i ter ion= (abs (Num). "2) I (Den) ; 

mmmc. m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% BLIND CRITERION % 

% FOR AN ESPAR ANTENNA % 

% CRITERION: M2M4 % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

function Ky=m2m4 (y, M) 

Den=mean (abs (y). , 2) ; 

Num=mean (abs (y). , 4) ; 

Ky=-Num/ (Den"2); 
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mod_CCK. m 

%%%%%%%%%%%%%%%%%%%%% 

% CCK modu I at ion % 

%%%%%%%%%%%%%%%%%%%%% 

function [mod_data, phi 1, nn] = mod_CCK(Ns, phi 1, nn); 

％凡data=2~6; 
data = [1 1 0 1 1 1 0 1 0 1 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 1 0 1 0 0 0 0] ; 

if nargin==1; 

data_block = data (1 :8); 

phiO=O; 

phi 2=b i 2de ([da t a_b I ock (3) data―_block(4)],'left-msb'); 

phi3=bi2de([data_block(5) data_block(6)],'left-msb'); 

phi4=bi2de([data_block(7) data_block(8)],'left-msb'); 

a (1) = phi0+phi2tphi3tphi4; 

a (2) = phi0tphi3tphi4; 

a (3) = phi O+ph i 2+ph i 4; 

a (4) = phi0+phi4; 

a (5) = phi0+phi2tphi3; 

a (6) = Phi O+ph i 3; 

a (7) = phi0+phi2; 

a (8) = phi O; 

mod_data0(1) = exp(j*pi/2*a(1)); 

mod_data0(2) = exp(j*pi/2*a(2)); 

mod_da t aO (3) = exp (j *Pi /2*a (3)) ; 

mod_da t aO (4) = -exp {j *Pi /2*a (4)) ; 

mod_dataO (5) = exp U*Pi/2*a (5)); 

mod_dataO (6) = exp U*Pi/2*a (6)); 

mod_data0(7) = -exp(j*pi/2*a(7)); 

mod_dataO (8) = exp (j *P i/2*a (8)) ; 

phi1 = phiO; 

mod_data = mod_dataO; 

for n = 2:cei I (Ns/8) 

nn = mod (n-1, 4) ; 

canst= 2; 

if nn == 2 

const = 0; 

end 

data_block = data (nn*8+1 :nn*8+8); 
phi 1 =phi 1+b i 2de ([da ta_b I ock (1) mod (da ta_b I ock (1) +da t a_b I ock (2), 2)],'I ef t-msb') +cons t; 

phi2=bi2de([data_block(3) data_block(4)J,'left-msb'); 

phi3=bi2de([data_block(5) data_block(6)],'left-msb'); 

phi4=bi2de([data_block(7) data_block(8)],'left-msb'); 

a(1) = phi1+phi2+phi3tphi4; 

a(2) = phi1+phi3tphi4; 

a(3) = phi1+phi2+phi4; 
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else 

end 

a (4) = phi1+phi4; 

a (5) = Phi 1+ph i 2+ph i 3; 

a(6) = phi1+phi3; 

a (7) = phi 1+ph i 2; 

a (8) = phi 1; 

mod_dataO (1) = exp U*Pil2*a (1)); 

mod_dataO (2) = exp (j *P i/2*a (2)) ; 

mod_data0(3) = exp(j*pi/2*a(3)); 

mod_dataO (4) = -exp U*Pil2*a (4)); 

mod_dataO (5) = exp (j*pi/2*a (5)); 

mod_dataO (6) = exp (j *P i/2*a (6)) ; 

mod_dataO (7) = -exp U*Pil2*a (7)); 

mod_data0(8) = exp(j*pi/2*a(8)); 

mod_data = [mod_data mod_dataO]; 

mod_data= []; 

for n = 1 : ce i I (Ns/8) 

nn = mod (nn+1, 4) ; 

canst= 2; 

end 

if nn == 2 

canst= 0; 

end 

data_block = data (nn*8+1 :nn*8+8); 
phi 1=ph i 1+bi 2de ([data_b lock (1) mod (data_b lock (1) +data_b lock (2), 2)],'I ef t-msb') +con st; 

phi2=bi2de([data_block(3) data_block(4)J,'left-msb'); 

phi3=bi2de([data_block(5) data_block(6)],'left-msb'); 

phi4=bi2de([data_block(7) data_block(8)],'left-msb'); 

a (1) = phi 1+ph i 2+ph i 3+ph i 4; 

a (2) = phi 1+ph i 3+ph i 4; 

a (3) = phi 1+ph i 2+ph i 4; 

a(4) = phi1+phi4; 

a(5) = phi1+phi2+phi3; 

a (6) = phi 1+ph i 3; 

a (7) = phi 1+Ph i 2; 

a (8) = Phi 1; 

mod_dataO (1) = exp U*Pil2*a (1)); 

mod_dataO (2) = exp (j *P i/2*a (2)) ; 

mod_dataO (3) = exp U*Pil2*a (3) l; 
mod_da t aO (4) = -exp (j *Pi /2*a (4)) ; 

mod_data0(5) = exp(j*pi/2*a(5)); 

mod_dataO (6) = exp U*Pil2*a (6)); 

mod_da tao (7) = -exp (j *Pi /2*a (7) l ; 
mod_data0(8) = exp(j*pi/2*a(8)); 

mod_data = [mod_data mod_dataO]; 
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XVlll 



SGA_Best criterion.m 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% BLIND ADAPTIVE BEAM FORMING % 

% FOR AN ESPAR ANTENNA % 

% STEEPEST GRADIENT ALGORITHM % 

。 M2M4Vs MMMC % 

% FINAL COMPARAISON % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

clear al I 

elf 

% new workspace 

% new figures 

% number o parasitic elements m=6; f 
z_s=50; % output impedance of transmitter 

Ns=64; % number of samples 

M=4; % MPSK 

N=50; % Iteration Number 

SNR_dB=10; % In i ti a I SNR (in dB) 

n0=10'(-SNR_dB/10); % noise power 

delta_x=32; % perturbation size 
int_ type=2; % Si gna I type (1 : QPSK, 2: RAND-PHASE PSK, 3: NO INTERFERENCE) 

step_s=1500; % step size 

rep_sig=exp H* ([O:M-1J/M*2*pi) l; 

vol_size = [2048 -2047]; 

X_size = -(0. 0217*vol_size+49. 21); 

% admittance matrix components: 

y00=0. 0008616-j *O. 0120795; 

y10=-0. 0006963+ J *O. 0036462; 

6 components for a 7 element ESPAR antenna 

% yQO parameter 

y11 =O. 0044216-J *O. 0071600; 

y21 =0. 0009721+ j *O. 0047851; 

y31=-0. 0005376-J*O. 0011297; 

y41=0~0001701-J*O. 0002950; 

% Y : admittance matrix 

Y=[yOO y10 y10 y10 y10 y10 y10; 

y10 y11 y21 y31 y41 y31 y21; 

y10 y21 y11 y21 y31 y41 y31; 

y10 y31 y21 y11 y21 y31 y41; 

y10 y41 y31 y21 y11 y21 y31; 

y10 y31 y41 y31 y21 y11 y21; 

y10 y21 y31 y41 y31 y21 y11] ; 

% y10 parameter 

% y11 parameter 

% y21 parameter 

% y31 parameter 

% y41 parameter 

% inverse of the admittance matrix : Z 

Z=inv (Yl; 

% DoA: Direction of Arrival=〉1stnumber: desired signal, others: interferences signals 

DoA= [O 45] ; 
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% In i ti a I is at ion 

range= 300; 

CDF = zeros (1, range) ; %GDF 

CDF_SINR = zeros (1, range); 

ga = [] ; 

J_a 11 = [] ; 

J_a I l_m2m4= [] ; 

J_a I l_mmmc= [] ; 

SINR=zeros (1, N+1); 

es_S I NR=zeros (1, N+1) ; 

SINR_m2m4=zeros (1, N+1); 

es_S I NR_m2m4=zeros (1, N+1l ; 

SI NR_mmmc=zeros (1, N+1) ; 

es_SINR_mmmc=zeros (1, N+1); 

sample= 100; % number of samples used for the simulation 

ret= [] ; 

ret_OF= []; 

ret_CC= [] ; 

Tablo=zeros (1, N); 

Tablo_SINR=zeros (1, N+1); 

Tab_Proba_m2m4=zeros (1, N) ; 

Tab_Proba_mmmc=zeros (1, N) ; 

Tab_BNR=zeros (1, samp I e) ; 

resolution=360; 

Tablo_Gain=zeros (1, resolution); 

% Time display 

start_p = time_disp1 (sample); 

% beginning of the sample loop 

for ii = 1 :sample 

% X : Reactance Matrix 

vol = zeros (1, m+1); 

X = diag(-(0. 0217*vo1+49. 21)*j); 

X (1, 1) =z_s; 

% Unit Vector 

u_O=zeros (m+1, 1) ; 

u_O (1) =1 ; 

phi =DoA/360*2*P i ; % DoA [deg-〉rad]

n_arrival=length (phi); 

power _dB = [3] ; 

power _i =1 O'(-power _dB/10) ; 

power=[1 power_i]; 
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% steering vector 

a_phi=zeros (m+1, n_arrival); 

for i=1 :n_arrival 

a_phi (:, i)=[1 exp(j*pi/2*cos(phi (i)-[O:m-11/m*2*Pi))]'; 

end 

% Vectors Initialization 

しtr=zeros(1, N); 

JTr _m2m4=zeros (1, N) ; 

JTr mmmc=zeros (1, N) ; 

dJ_dx=zeros (1, m+l) ; 

dJ dx m2m4=zeros (1, m+l) ; % DJ_dx for m2m4 

dJ d x mmmc=zeros (1, m+l) ; % DJ_dx for mmmc 

dJ_dx_const_m2m4=zeros (1, m+l) ; % DJ_dx for m2m4 

dJ d x canst mmmc=zeros (1, m+l) ; % DJ_dx for mmmc 

SER=zeros (1, N) ; 

s i nr=zeros (1, N) ; 

sinrMax = 0; % recording the max value of different sinr 

Tab_J_m2m4=zeros (1, N) ; % Tab I e of gradient vector for m2m4 er i ter ion 

Tab_J_mmmc=zeros (1, N) ; % Tab I e of gradient vector for mmmc er i ter ion 

Tab_J_CriterionDiversity=zeros(1,N); % Table of gradient vector for criterion diversity 

Tab_Norm_m2m4=zeros (1, N) ; % Tab I e of Norm (J) for m2m4 

Tab_Norm_mmmc=zeros (1, N) ; % Tab I e of norm (J) for mmmc 

Tab_Criterion=zeros(1,N); % Recording the value of the criterion 

grad_J=zeros (1, N) ; 

grad_J_m2m4=zeros (1, N) ; 

grad_J_mmmc=zeros (1, N) ; 

ga i n_dBM i n=O; 

criterion=1; 

% recording the value of the gain 

% =1 =〉 M2M4; =O =〉 MMMC

for n=1 : N %SGA a Igor i thm I oop 

% CCK Madu I at ion 

if n==1 

[sk, Phi 1, nn] =mod_CCK (Ns) ; 

else 

[sk, phi 1, nn] =mod_CCK (Ns, Phi 1, nn) ; 

end 

% Signal + interference+ gaussian noise 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

% Choice of criterion: Determination of the two values of J_pre 

J_p r e_m2m4=m2m4 (y, Ml ; 

J_pre_mmmc=mmmc (y, Ml ; 

if criterion==1 
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J_pre=J_pre_m2m4; 

else 

J_pre=J_pre_mmmc; 

end 

%Tab_J_m2m4(n)=J_pre_m2m4; % M2M4 criterion 

%Tab_J_mmmc (nl =J_pre_mmmc; % MMMC criterion 

% w : Weight vector 

w=2*X (1, 1) *inv (Z+X) *u_O; 

a=conj (w') *ref; 

resolution=360; 

phi_d=I inspace(O, 2*Pi* (1-1/resolution), resolution); 

ar=ones (m+l, resolution); 

for i =2 :m+l 

ar (i, :) =exp (j*pi/2*cos (phi_d-(i-2) *2*pi/m)); 

end 

arout=abs (w'*ar) ; 

gain_dB = 20*1og10(arout/max(arout)); 

gain=(arout/max(arout)); 

Tab_BNR (n) = ga i n_dB (DoA (1) + 1) -ga i n_dB (DoA (2) + 1) ; 

sin r (n) =mean (abs (a) . ・2) /mean (abs (y-a}. ・2) ; 

Tab Io (n) =Tab Io (n) + (1/samp I e) *s i nr (n} ; 

i f (s i n rMax(s i n r (n)) 

s in rMax = s i n r (n) ; 

end 

X_test=X; 

% for every parasitic element 

for i=2:m+1 

X_ test (i , i) = X_ test (i , i) + j *de I t a_x ; 

i f i mag (X (i, i)) 〉X_si ze (2) 

X(i, i) = X_size(2)*j; 

end 

if imag(X(i, i))(X_size(1) 

X (i, i) =X_si ze (1) *j; 

end 

% Signal modulation + interference+ noise 

[sk, phi 1, nn] =mod_CCK (Ns, Phi 1, nn) ; 

% BNR 

% SINR 

[ref, y] =esp er _out (sk, a_ph i, Z, X_test, nO, power, Ns, M, m, i nt_type) ; 

% Determination of the two values of J 

J_m2m4=m2m4 (y, Ml ; 

J_mmmc=mmmc (y, Ml ; 
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dJ_dx_m2m4(i)=(J_m2m4-J_pre_m2m4)/delta_x; % m2m4 gradient vector 

dJ_dx_mmmc (i) = (J_mmmc-J_pre_mmmc)/delta_x; % mmmc gradient vector 

X_test (i, i) =X (i, i); % end of perturbation 

end 

Norm_dJ_dx_m2m4=norm (dJ_dx_m2m4) ; 

Norm_dJ_dx_mmmc=norm (dJ_dx_mmmc) ; 

% Value determination of the criterion 

if (Norm_dJ_dx_m2m4〉Norm_dJ_dx_mmmc)

criterion=1; % m2m4 criterion 

Tab_Proba_m2m4 (n) =Tab_Proba_m2m4 (n) +1; 

dJ_dx=dJ_dx_m2m4; 

else 

c r i t er i on=O; r 。mmmcer I ter I on 

Tab_Proba_mmmc (n)=Tab_Proba_mmmc (n) +1; 

dJ_dx=dJ_dx_mmmc; 

end 

X=X+diag(j*step_s*dLdx) ;% update of the reactance matrix 

for i =2 : mt 1 % ca I i brat i on of th 

if i mag (X (i, i) l〉X_si ze (2) 

X(i, i) = X_size(2)*j; 

end 
if imag(X(i, i))(X_size(1) 

X(i, i)=X_size(1)*j; 

end 

end 

% computing criterion norms 

e reactance matrix 

Norm_dJ_dx_cons t_m2m4=no rm (dJ_dx_cons t_m2m4) ; 

Norm_dJ_dx_cons t_mmmc=no rm (dJ_dx_cons t_mmmc) ; 

% Recording of the va I ues of Norm (m2m4) and Norm (mmmc) 

Tab_Norm_m2m4(n) =Norm_dJ_dx_m2m4; 

Tab_Norm_mmmc (n) =Norm_dJ_dx_mmmc; 

if criterion==1 

J_ tr (n) =J_p r e_m2m4; 

grad_J (n) =Norm_dJ_dx_m2m4; 

else 

J_tr (n)=J_pre_mmmc; 

grad_J (n)=Norm_dJ_dx_mmmc; 

end 

Tab_Criterion(n)=criterion; % updating the table 

end% end of the SGA loop 

resolution=360; 

phi_d=I inspace (0, 2*Pi* (1-1/resolution), resolution); 

ar=ones (m+1, reso I ut ion) ; 
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end 

for i=2 :m+1 

ar (i, :) =exp U*Pil2*cos (phi_d-(i-2) *2*pi/m)); 

end 

w=2*X(1, 1)*inv(Z+X)*u_O; % weight vector 

% Signal modulation+ interference+ noise 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y] =esp er _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, in t_type) ; 

% computing 2 criterions values 

J_p r e_m2m4=m2m4 (y, Ml ; 

J_pre_mmmc=mmmc (y, Ml ; 

if criterion==1 

J_pre=J_pre_m2m4; % m2m4 criterion choosed 

else 

J_pre=J_pre_mmmc; 

end 

J_tr (nt1) =J_pre; 

a=conj (w') *ref; 

s inr (n+1) =mean (abs (a).'2) /mean (abs (y-a).'2); 

Tablo_SINR= (Tablo_SINR* (i i-1) +sinr) /ii; 

i f (s in rMax<s in r (n)) 

s in rMax = s i n r (n) ; 

end 

arout=abs (w'*ar) ; 

ga i n_dB = 20* I og10 (a rout/max (a rou tl) ; 

gain= (arout/max (arout)); 

for (y=1 : 360) 

end 

if (ga i n_dB (y) < ga i n_dBMi n) 

ga i n_dBM i n=ga i n_dB (y) ; 

end 

% SINR 

Tablo_Gain= (Tablo_Gain* (i i-1) tgain_dB) /ii; % bearnforrning gain 

BNR = gain_dB (DoA (1) +1)-gain_dB (DoA (2) +1); % BNR 

Tab_BNR (ii) =BNR; 

ret = [ret ; BNR] ; 

cnt = round (BNR) ; 

cnt_s = round (s i nr (end)) ; 

SINR= (SINR* (i i-1) +sinr) /ii; 

ti rne_d i sp3 (start_p) ; 
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SGA_m2m4. m 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% BLIND ADAPTIVE BEAM FORMING % 

% FOR AN ESPAR ANTENNA % 

% (STEEPEST-GRADIENT ALGORITHM) % 

% CRITERION: M2M4 % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

clear al I % new workspace 

m=6; % number of parasitic elements of an ESPAR antenna 

z_s=50; % output impedance 

Ns=64; % number of ESPAR ouptut sample used to compute criterion value 

M=4; % MPSK 
N=400; % number of iterations of the SGA algorithm 

SNR_dB=10; % In i ti a I SNR (in dB) 

n0=10~(-SNR_dB/10) ; % SNR 

de I ta_x=32; % De I ta_x parameter va I ue 

int_type=2; % Type of interference (1 :QPSK, 2:RAND-PHASE PSK, 3:NO INTERFERENCE) 

step_s=1500; % step size parameter value 

rep―_sig=exp H* ([O:M-1]/M*2*pi)); 

vo l_s i ze = [2048 -2047] ; 

X_size = -(0. 0217*vol_size+49. 21); 

% admittance matrix components: 6 components for a 7 element ESPAR antenna 

y00=0. 0008616-j *O. 0120795; % y00 parameter 

y10=-0. 0006963+ j *O. 0036462; % y10 parameter 

y11=0. 0044216-j*O. 0071600; % y11 parameter 

y21=0. 0009721+j*O. 0047851; % y21 parameter 

y31=-0. 0005376-j*O. 0011297; % y31 parameter 

y41=0. 0001701-j*O. 0002950; % y41 parameter 

% admittance matrix Y 

Y=[yOO y10 y10 y10 y10 y10 y10; 

y10 y11 y21 y31 y41 y31 y21; 

y10 y21 y11 y21 y31 y41 y31; 

y10 y31 y21 y11 y21 y31 y41; 

y10 y41 y31 y21 y11 y21 y31; 

y10 y31 y41 y31 y21 y11 y21; 

y10 y21 y31 y41 y31 y21 y11] ; 

% inverse of the admittance matrix : Z 

Z=i nv (Yl ; 

% DoA: Direction of Arrival=〉1stnumber: desired signal, others: interferences signals 

DoA= [O 45] ; 

range= 90; 

CDF = zeros (1, range) ; %GDF 

CDF _SI NR = zeros (1, range) ; 

ga = [] ; 

J_a 11 = [] ; 
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% in it i a I i sat ion 

SINR=zeros (1, N+1); 

es_S I NR_dB=zeros (1, N+1) ; 

Tablo_SINR=zeros (1, N+1); 

resolution=360; 

xax=linspace(0,2*Pi, resolution); 

Tablo_Gain=zeros (1, resolution); 

Tab_J=zeros (1, N) ; 

sample= 1000; % number of samples used for the simulation 

ret= [] ; 

Tab_BNR=zeros (1, samp I e) ; 

start_p = t ime_d i sp1 (samp I e) ; 

% beginning of the sample loop 

for i i = 1 : s amp I e 

% reactance matrix 

vol = zeros (1, m+1l ; 

X = diag(-(0. 0217*vol+49. 21) *j); 

X (1, 1l =z_s; 

% unit vector 

u_O=zeros (m+1, 1) ; 

u_O (1) =1; 

phi=DoA/360*2*Pi; 
几 arrival=length(phi); 

power _dB= [OJ ; 

power_i=10-(-power_dB/10); 

power= [1 power _i] ; 

a_phi=zeros (m+1, n_arrival); 

% steering vector 

for i=1 :n_arrival 

% DoA [deg-〉rad]

a—_phi(:, i)=[1 exp(j*pi/2*cos(phi (i)-[O:m-1l/m*2*Pi))]'; 

end 

% initialisation 

J_tr=zeros (1, Nl ; 

dJ_dx=zeros (1, m+1l ; 

SER=zeros (1, Nl ; 

s i nr=zeros (1, Nl ; 

grad_J=zeros (1, N) ; 

%main loop 

for n=1 :N 

% CCK modu I at i on 

if n==1 

[sk, phi 1, nn] =mod_CCK (Ns) ; 

else 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nnl ; 

end 
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end 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); % ESPAR signal model isation 

% criterion value: M2M4 

J_pre=m2m4 (y, Ml ; 

Tab_J (n) =J_pre; 

w=2*X (1, 1) *inv (Z+X) *u_O; % weight vector 

a=conj (w') *ref; 

s i nr (n) =mean (abs (a).'2) /mean (abs (y-a).'2) ; % SI NR 

X_test=X; 

% for every parasitic element 

for i =2 : m+1 

end 

% update of the reactance matrix 

X_test (i, i) =X_test (i, i) tj*del ta_x; 

i f i mag (X (i, i)) 〉X_si ze (2) 

X(i, i) = X_size(2)*j; 

end 
if i mag (X (i, i)) (X_s i ze (1) 

X (i, i) =X_s i ze (1) *j; 

end 

% signal model isation 

[sk, phi 1, nn] =mod_CCK (Ns, Phi 1, nn) ; 

[ref, y] =es per _out (sk, a_ph i, Z, X_test, nO, power, Ns, M, m, i nt_type) ; 

J=m2m4 (y, M) ; % er i ter ion va I ue: M2M4 

dJ_dx (i) = (J-J_pre) /del ta_x; % gradient vector 

X_ test (i, i l =X (i, i l ; 

% update of the reactance matrix 

X=X+diag(j*step_s*dJ_dx); 

% calibration for every parasitic element 

for i=2:m+1 

if i mag (X (i, i)) 〉X_si ze (2) 

X(i, i) = X_size(2)*j; 

end 

if imag(X(i, i))(X_size(1) 

X(i, i)=X_size(l)*j; 

end 

end 

J_tr (n) =J_pre; 

grad_J (n) =norm (dJ_dx) ; 

resolution=360; 

phi_d=I inspace(O, 2*Pi* (1-1/resolution), resolution); 

ar=ones (m+1, resolution); 

for i=2 :mt1 

ar (i, :) =exp U*Pi/2*cos (phi_d-(i-2) *2*pi/ml l; 
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end 

end 

end 

w=2*X (1, 1) * i nv (Z+Xl *u_O; % weight vector 

% signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns, Phi 1, nn) ; 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

% criterion value : M2M4 

J_pre=m2m4 (y, M) ; 

J_tr (n+1) =J_pre; 

a=conj (w'l *ref; 
sin r (n+1 l =mean (abs (a}. -2) /mean (abs (y-a}. -2} ; % SI NR 

Tab I o_S I NR= (Tabl o_S I NR* (i i-1) ts i nrl /ii; 

arout=abs (w'*ar) ; 

% CDF 
gain_dB = 20*log10 (arout/max (arout)); 

Tab I o_Ga in= (Tab I o_Ga in* (i i-1) tga i n_dB) / i i ; 

BNR = gain_dB(DoA(1)+1)-gain_dB(DoA(2)+1); 

Tab_BNR (ii) = BNR; 

ret = [ret ; BNR]; 

en t = round (BNR) ; 

SI NR_dB = 10* I og10 (sin r (end)) ; 

en t_s = round (SI NR_dB) ; 

SINR= (SINR* (i i-1) +sinr) /ii; 

for i=l :length(J_trl 
sinr=abs (J_tr (i)) A2/ (1-(abs (J_tr (i))) A2); 

es_SINR_dBO (i) =10*log10 (sinr); 

end 
es_S I NR_dB= (es_S I NR_dB* (i i-1) +es_S I NR_dBO) / i i ; 

if cnt_s〉-21

end 

for jcdf = -20:cnt_s 

CDF_SINR(l, jcdf+21) = CDF_SINR(l, jcdf+21)+1; 

end 

if cnt〉-21

end 

for jcdf = -20:cnt 

CDF (1, jcdf+21l = CDF (1, jcdf+21) +1; 

end 

ga((cnt+21), :) = gain_dB; 

J_al I ((cnt+21), :) = J_tr; 

if mod (i i, 50) == 0 

time_disp2 (start_p, ii); 

end 

time_disp3 (start_p); 
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SRA_BestCriterion. m 
％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％％ 

% BLIND ADAPTIVE BEAM FORMING % 

% FOR AN ESPAR ANTENNA % 

% SEQUENTIAL RANDOM ALGORITHM % 

M2M4 Vs MMMC % 

% FINAL COMPARA I SON 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

c I ear a 11 % new workspace 

elf % new figures 

m=6; % number of parasitic elements 

z_s=50; % output impedance of transmitter 

Ns=64; % number of samp I es 

M=4; % MPSK 

N=50; % Iteration Number 

SNR_dB=10; % In i ti a I SNR (in dB) 

n0=10'(-SNR_dB/10); % noise power 
in t_type=2; % Si gna I type (1 : QPSK, 2: RAND-PHASE PSK, 3: NO INTERFERENCE) 

rep_s i g=exp H* ([O :M-1] /M*2*P i)) ; 

vol_size = [-2048 2047]; 

SIGMA = [2000] ; % sigma parameter 

% admittance matrix components: 6 components for a 7 element ESPAR antenna 

y00=0. 0008616-j *O. 0120795; % y00 parameter 

y10=-0. 0006963+ j *O. 0036462; % y10 parameter 

y11 =O. 0044216-j *O. 0071600; % y11 parameter 

y21=0. 0009721+j*O. 0047851; % y21 parameter 

y31=-0. 0005376-j*O. 0011297; % y31 parameter 

y41=0. 0001701-j*O. 0002950; % y41 parameter 

% Y : admittance matrix 
Y= [yOO y10 y10 y,O y10 y10 y10; 

y10 y11 y21 y31 y41 y31 y21; 

y10 y21 y11 y21 y31 y41 y31; 

y10 y31 y21 y11 y21 y31 y41; 

y10 y41 y31 y21 y11 y21 y31; 

y10 y31 y41 y31 y21 y11 y21; 

y10 y21 y31 y41 y31 y21 y11] ; 

% inverse of the admittance matrix : Z 

Z=inv(Y); 

% DoA: Direction of Arrival=〉1stnumber: desired s i gna I, others: interferences s i gna Is 

DoA= [O 45] ; 

% Initialisation 

range= 100; 

CDF = zeros (1, range) ; %CDF 

CDF _SINR = zeros (1, range); 
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ga = [] ; 

J_a 11 = [] ; 

J_a 112 = [] ; 

es_SINR_dB=zeros (1, N); 

resolution=360; 

sample= 1000; 

ret= [] ; 

% number of samples used for the simulation 

start_p = time_disp1 (sample); 

Tablo_Gain=zeros (1, resolution); 

Tab_BNR=zeros (1, samp I el ; 

Tab I o_S I NR=zeros (1, N+1) ; 

for ii = 1:sample % beginning of the sample loop 

% reactance matrix 

vol = rand int (m, 1, vol_size); 

X = -(0. 0217*vol+49. 21) ; 

X = diag([z_s;X*j]); 

% unit vector 

u_O=zeros (m+1, 1) ; 

u_O (1) =1 ; 

% steering vector 

phi=DoA/360*2*Pi; %DoA [deg-)rad] 

n_arrival=length (phi); % Number of arriving signals 

power _dB= [OJ ; 

power _i =10-(-power _dB/10) ; 

power= [1 power_i]; 

a_phi=zeros (m+l, n_arrival); 

for i=l :n_arrival 

a_phi (:, i)=[l exp{j*pi/2*cos(phi (i)-[O:m-1]/m*2*Pil)]'; 

end 

% initialisation 

J_t r=zeros (1, N) ; 

dJ_dx=zeros (1, m+1) ; 

SER=zeros (1, N) ; 

s i nr=zeros (1, N) ; 

grad_J=zeros (1, N) ; 

% ESPAR signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns) ; 

[ref, y] =esp er _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

% computing criterion values 

J_p r e_m2m4=m2m4 (y, Ml ; 

J_pre_mmmc=mmmc (y, M) ; 

XXX 



w=2*X (1, 1) *inv (Z+X) *u_O; 

a=conj (w') *ref; 

細： weight vector 

s i nr (1) =mean (abs (a). "2) /mean (abs (y-a). "2) ; % SI NR 

n = 1; 

wh i I e n < N 

n = n+1; 

% Random preturbation 

s i gma=round (SIGMA/ (1+n/250l) ; 

volshift=randn(m, 1)*sigma; % for guassian distrubution 

vo Io I d=vo I ; 

vol=vol+volshift; 

% calibration 

for index=1 :m % -REAMax<=rea<=REAMax 

if vol(index) 〉vol_size(2)

vol (index) = vol_size(2); 

elseif vol (index)<vol_size(l) 

end 

end 

vol (index)=vol_size(1); 

% random change in the reactance matrix 

X = -(0. 0217*vol+49. 21); 

X = diag([z_s;X*i]); 

% ESPAR signal modelisation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y] =esper _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

% compute both criterions values 

J_m2m4=m2m4 (y, M) ; 

J mmmc=mmmc (y, M) ; 

w=2*X (1, 1) * i nv (Z+X) *u_O; % weight vector 

a=conj (w') *ref; 

sinr(n)=mean(abs(a).'2)/mean(abs(y-a).'2); % SINR 

% compute criteria's values differences 

Di ff _m2m4= (J_m2m4) -(J_p r e_m2m4) ; 

Di f f_mmmc= (J_mmmc) -(J_pre_mmmc); 

i f (Di f f_m2m4〉Dif f_mmmcl & (Di f f_m2m4〉=0)

% m2m4 criterion choosed 

J_pre_m2m4 = J_m2m4; 

if n == N 

break 

end 

e I s e i f (D i f f_mmm c〉Dif f _m2m4) & (Di f f_mmmc〉=Ol

% mmmc criterion choosed 

J_pre_mmmc = J_mmmc; 
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else 

if n == N 

break 

end 

% none of the er i ter i a increase the cost 

vol=volold; 

if n == N 

break 

end 

n = n+1; 

% another random change is made 

vol=vol-volshift; 

for i ndex=1: m % -REAMax<=rea<=REAMax 

if vol(index) 〉vol_s i ze (2) 

vol (index) = vol_size(2); 

elseif vol (index)<vol_size(1) 

vol (index)=vol_size(1); 

end 

end 

X = -(0. 0217*vo I +49. 21) ; 

X = diag([z_s;X*j]); 

% ESPAR signal model isation 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

% compute criterion values 

J_m2m4=m2m4 (y, M) ; 

J mmmc=mmmc (y, Ml ， 

w=2*X (1, 1) * i nv (Z+x) *u_O; 

a=conj (w') *ref; 

% weight vector 

sin r (n) =mean (abs (a). , 2) /mean (abs (y-a). , 2) ; % SI NR 

% compute criteria's values differences 

Di ff_m2m4= (J_m2m4)-(J_pre_m2m4); 

Di ff _mmmc= (J_mmmc) -(J_p re_mmmc) ; 

i f (D if f_m2m4〉Dif f_mmmc) & (Di ff _m2m4〉=O)

% m2m4 criterion choosed 

J_pre_m2m4 = J_m2m4; 

if n == N 
break・ 

end 

elseif (Diff_mmmc〉Dif f_m2m4) & (Di f f_mmmc〉=0)

% mmmc criterion choosed 

else 

J_pre_mmmc = J_mmmc; 

if n == N 

break 

end 
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vol=volold; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%X = -(0. 0217*vol+49. 21); 

訊=diag([z_s;X*j]); 

% [sk, phi 1, nn] =mod_CCK (Ns, phi 1, nn) ; 

%[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); 

%w=2*X (1, 1) *inv (Z+X) *u_O; 

%a=conj (w'l *ref; 
%sin r (n) =mean (abs (al . , 2) /mean (abs (y-a) . , 2) ; 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

end 

end 

end 

if n == N 

break 

end 

% steering vector 

resolution=360; 

phi_d=I inspace (0, 2*Pi* (1-1/resolution), resolution); 

ar=ones (mt 1, reso I ut ion) ; 

for i=2 :m+1 

ar(i, :)=exp(j*pi/2*cos(phi_d-(i-2)*2*pi/m)); 

end 

% update of the ractance matrix 

X = -(0. 0217*vol+49. 21); 

X = di ag ([50; X* j]) ; 

w;:::2*X (1, 1) *inv (Z+X) *u_O; 

arout=abs (w'*ar) ; 

s i nr (n+1l =mean (abs (a). "2) /mean (abs (y-a). "2) ; % SI NR 

Tab I o_S I NR= (Tab I o_S INR* (i i-1) ts i nr) /ii; 

% CDF 

gain_dB = 20*1og10(arout/max(arout)); 

Tab I o_Ga in= (Tab I o_Ga in* (i i-1 l tga i n_dB) Ii i ; 

BNR = gain_dB(DoA(1)+1)-gain_dB(DoA(2)+1); 

Tab_BNR (ii) =BNR; 

ret = [ret ; BNR] ; 

en t = round (BNR) ; 

SINR_dB = 10*1og10 (sinr (end)); 

cnt_s = round (SINR_dB); 

if cnt_s〉-20

for jcdf = -20:cnt_s 

CDF_SINR(1, jcdf+21) = CDF_SINR(1, jcdf+21)+1; 

end 
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end 

end 

end 

if cnt〉-20

end 

for jcdf = -20:cnt 
CDF (1, jcdf+21) = CDF (1, jcdf+21l +1; 

end 

ga ((cnt+21), :) = gain_dB; 

i f mod (i i, 50) == 0 

time_disp2 (start_p, ii); 

for i ntf ('DoA = [%3 i %3 i]¥n', [DoA]) 

end 

time_disp3 (start_p); 
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SRA_m2m4. m 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% BLIND ADAPTIVE BEAM FORMING % 

% FOR AN ESPAR ANTENNA % 

% (STEEPEST-GRADIENT ALGORITHM) % 

% CRITERION: M2M4 % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

c I ear a 11 % new workspace 

m=6; % number of parasitic elements of an ESPAR antenna 

z_s=50; % output impedance 

Ns=64; % number of ESPAR ouptut sample used to compute criterion value 

M=4; % MPSK 
N=400; % number of iterations of the SGA algorithm 

SNR_dB=10; % In it i a I SNR (in dB) 

n0=10. (-SNR_dB/1 Ol ; % SNR 

delta_x=32; % Delta_x parameter value 

int_type=2; % Type of interference (1 :QPSK, 2:RAND-PHASE PSK, 3:NO INTERFERENCE) 

step_s=1500; % step size parameter value 

rep_sig=exp H* ([O:M-1]/M*2*pi) l; 

vo l_s i ze = [2048 -2047] ; 

X_size = -(0. 0217*vol_size+49. 21); 

% admittance matrix components: 6 components for a 7 element ESPAR antenna 

y00=0. 0008616-j *O. 0120795; % yOO parameter 

y10=-0. 0006963+j*O. 0036462; % y10 parameter 

y11=0. 0044216-j*O. 0071600; % y11 parameter 

y21=0. 0009721+j*O. 0047851; % y21 parameter 

y31=-0. 0005376-j*O. 0011297; % y31 parameter 

y41=0. 0001701-j*O. 0002950; % y41 parameter 

% admittance matrix Y 

Y=[yOO y10 y10 y10 y10 y10 y10; 

y10 y11 y21 y31 y41 y31 y21; 

y10 y21 y11 y21 y31 y41 y31; 

y10 y31 y21 y11 y21 y31 y41; 

y10 y41 y31 y21 y11 y21 y31; 

y10 y31 y41 y31 y21 y11 y21; 

y10 y21 y31 y41 y31 y21 y11] ; 

% inverse of the admittance matrix : Z 

Z= i nv (Y) ; 

% DoA: Direction of Arrival=〉1stnumber: desired signal, others: interferences signals 

DoA= [O 45] ; 

range= 90; 

CDF = zeros (l, range) ; %CDF 

CDF_SINR = zeros (1, range); 

ga = [] ; 

J_a 11= []; 

XXXV 



%initialisation 

SINR=zeros (1, N+1); 

es_S I NR_dB=zeros (1, N+1) ; 

Tablo_SINR=zeros (1, N+1); 

resolution=360; 

xax=I inspace (0, 2*Pi, resolution); 

Tablo_Gain=zeros (1, resolution); 

Tab_J=zeros (1, N) ; 

samp I e = 1000; % number of samp I es used for the s i mu I at ion 

ret= []; 

Tab_BNR=zeros (1, samp I e) ; 

star t_p = ti me_d i sp1 (samp I e) ; 

% beginning of the sample loop 

for ii = 1 :sample 

% reactance matrix 

vol = zeros (1, m+1) ; 

X = diag(-(0. 0217*vol+49. 21)*j); 

X (1, 1) =z_s; 

% unit vector 

u_O=zeros (m+1, 1) ; 

u_O (1) =1; 

phi =DoA/360*2*P i ; 
n_arr ival=length (phi); 

power _dB= [OJ ; 

power _i =1 O" (-power _dB/10) ; 

power= [1 power _i]; 

a_phi=zeros (m+1, n_arrival); 

% steering vector 

for i=1 :n_arrival 

% DoA [deg-〉rad]

a_phi (:, i)=[1 exp(j*pi/2*cos(phi (i)-[O:m-1J/m*2*pi))]'; 

end 

% in i ti a I is at ion 

J_tr=zeros (1, Nl; 

dJ_dx=zeros (1, m+1) ; 

SER=ze ros (1, N) ; 

sinr=zeros (1, N); 

grad_J=zeros (1, Nl ; 

%main loop 

for n=1 : N 

% CCK modu I at ion 

i f n==1 

[sk, phi 1, nn] =mod_CCK (Nsl ; 

else 

[sk, phi 1, nn] =mod_CCK (Ns, phi 1, nnl ; 

end 

XXXVI 



end 

[ref, y]=esper_out (sk, a_phi, Z, X, nO, power, Ns, M, m, int_type); % ESPAR signal model isation 

% criterion value: M2M4 

J_pre=m2m4 (y, Ml ; 

Tab_J (n) =J_pre; 

w=2*X (1, 1) * i nv (Z+X) *u_O; % weight vector 

a=conj (w') *ref; 
sin r (n) =mean (abs (a) . , 2) /mean (abs (y-a) . , 2) ; % SI NR 

X_test=X; 

% for every parasitic element 

for i =2 :m+1 

end 

% update of the reactance matrix 

X_test (i, i) =X_test (i, i) +j*delta_x; 

if imag(X(i, i)) 〉X_si ze (2) 

X(i, i) = X_size(2)*j; 

end 
if imag (X (i, i) l (X_s i ze (1) 

X(i, il=X_size(1)*j; 

end 

% signal model isation 

[sk, phi 1, nn] =mod_CCK (Ns, Phi 1, nn) ; 

[ref, y] =esper _out (sk, a_ph i, Z, X_test, nO, power, Ns, M, m, i nt_type) ; 

J=m2m4 (y, Ml ; % er i ter ion va I ue: M2M4 

dJ_dx (i) = (J-J_pre) /del ta_x; % gradient vector 

X_test (i, i) =X (i, il; 

% update of the reactance matrix 

X=X+d i ag (j *step_s*dLdxl ; 

% calibration for every parasitic element 

for i =2: m+1 

if i mag (X (i, i) l〉X_si ze (2) 

X (i, i l = X_s i ze (2) * j; 

end 
if imag(X(i, i))(X_size(1) 

X(i, i)=X_size(1)*j; 

end 

end 

J_tr (n) =J_pre; 

grad_J (n) =norm (dJ_dx) ; 

resolution=360; 

phi_d=linspace(0,2*Pi*(1-1/resolution), resolution); 

ar=ones (m+1, resolution); 

for i =2 : m+1 

ar(i, :)=exp(j*pi/2*cos(phi_d-(i-2)*2*Pi/m)); 

xxxvu 



end 

end 

end 

w=2*X(1, 1)*inv(z+X)*u_O; % weight vector 

% signal modelisation 

[sk, phi 1, nn]=mod_CCK(Ns, phi 1, nnl; 

[ref, y] =esp er _out (sk, a_ph i, Z, X, nO, power, Ns, M, m, i nt_type) ; 

% criterion value : M2M4 

J_p r e=m2m4 (y, M) ; 

J_tr (n+1) =J_pre; 

a=conj (w') *ref; 
sinr(n+1l=mean(abs(a). "2)/mean(abs(y-a). "2) ;% SINR 

Tablo_SINR= (Tablo_SINR* (i i-1) +sinrl /ii; 

arout=abs (w'*ar) ; 

% GDF 
gain_dB = 20*1og10(arout/max(arout)); 

Tablo_Gain= (Tab lo一_Gain*(i i-1) tga i n_dB) / i i ; 

BNR = ga i n_dB (DoA 0) +1) -ga i n_dB (DoA (2) +1) ; 

Tab_BNR (ii) = BNR; 

ret = [ret ; BNRJ; 

en t = round (BNR) ; 

SINR_dB = 10*1og10 (sinr (end)); 

cnt_s = round (SI NR_dB) ; 

SINR= (SINR* (i i-1) +sinr) /ii; 

for i=1 :length(J_tr) 

end 

sinr=abs (J_tr (i)) ~21 (1-(abs (J_tr (i))) ~2); 

es_S I NR_dBO (i) =10* I og10 (sin r) ; 

es_S I NR_dB= (es_S I NR_dB* (i i-1) +es_S I NR_dBO) / i i ; 

if cnt_s〉-21

end 

for jcdf = -20:cnt_s 

GDF _SI NR (1, j cdf+21) = GDF _SI NR (1, j cdf+21) +1; 

end 

if cnt〉-21

end 

for jcdf = -20:cnt 

GDF (1, jcdf+21) = GDF (1, jcdf+21) +1; 

end 

ga ((cnt+21), :) = gain_dB; 

J_al I ((cnt+21), :) = J_tr; 

if mod (i i, 50) == 0 

time_disp2(start_p, ii); 

end 

time_disp3 (start_p); 

... 
XXXVlll 



ti me_d i sp3. m 

%%%%%%%%%%%%%%%%%%%%%%%% 

% Ti me_d i sp 3 % 

% function % 

%%%%%%%%%%%%%%%%%%%%%%%% 

function time_disp3 (start_p) 

co_sec = [24*3600 3600 60 1] ; 

finish_t=clock; 

forintf ('¥ndate %d j %d h %d mn', [finish_t(3:5)]) 

al l_sec=sum ((f inish_t (3:6)-start_p (3:6)). *co_secl; 

day=f ix (a I !_sec/ (24*3600)) ; 

hou r=mod (fix (a I l_sec/3600), 24) ; 

min=mod (fix (al l_sec/60), 60); 

sec=f ix (mod (a I !_sec, 60)) ; 

% days 

% hours 

% minutes 

% seconds 

forintf('¥n computing time: %d days %d hours %d minutes %d seconds ?@',day,hour,min,sec) 

XXXIX 






