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INTRODUCTION 

Nowadays, wireless communication systems紅 erapidly progressing, bring-

ing more and more functionalities to users. Also the number of users is 

constantly increasing, and communication systems have to face to more con-

straints of bandwidth, data rates, and specifically in mobile wireless sys-

tems, the power consumption and mobile terminals size. The objective of 

researchers and engineers is to permanently reduce the cost and size of com-
ponents without decreasing the quality of signal transmission. 

ACR-ATR has proposed a Wireless Ad-hoc Community Network (WAC-

Net) concept, in order to use in ad-hoc communities, which are formed with 

an unspecified number of people temporally connected with a common pur-

pose. In this new concept, a new kind of antenna is proposed, the ESPAR 

antenna, a reactively controlled directive array that enables foll azimuth di-
rectivity. This antenna has low cost, low power consumption and high power 

level. 

Optimisation of the ESPAR antenna reactance is still a hard task; even 

though different ways have been tested, like Hamiltonian algorithm, CMA 

algorithm or genetic algorithm. A technique for adaptively controlling the 

load reactance's on the passive radiators, thus forming both beam and nulls 

is presented[?], for the first time, for the ESPAR antenna. 

In this paper, the purpose is the sector be皿 formingof the ESPAR 

anten叫?]• Our work was to恥 clan algorithm for this purpose and made 

experiments to conform this aim in practical use of the antenna. Actually 

this purpose has been succefully reached. 

After presenting the WACNet concept, the ESPAR antenna features will be 

shown in details. Then an algorithm[?] for ESPAR antenna will be shwon, 

also, the modifications we made on this algorithm in order to fit to our pur-

pose will be explained. 

Finally, to show how ESPAR antenna can form beam, and trace the antenna 

sector pattern, simulations and experiments of this new algorithm will be 

presented. 

ー
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Chapter 1 

ATR Adaptive Com1nunications 

Research Lab. 

1.1 Introduction to ATR 

In the information society of the 21st century, great volumes of diverse 

information will be disseminated through various media. This vast, varied 

information exchange will require advanced systems for accurate and efficient 

processing of information. Such systems must be easy to handle or operate . 

They must also be freely accessible and readily integrated into our day-to-day 

lives. These are vital aspects of this important research: 

• New multi-media communication systems 

• Cross-language global communication systems 

• Ideal human-machine interfaces 
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• Developing fundamental technologies for highly adaptive communica-

tion systems 

The ATR Group was established in March 1986 with support from vari-

ous sections of industry, academia and government to serve as a major center 
of basic and creative telecommunications R&D. Its basic policy is to promote 
research collaboration among researchers both at home and abroad. The 
ATR Group comprises nine corporations: R&D corporations, four corpora-
tions designed to manage research fruits, and an umbrella corporation, ATR 

Internatio叫 Whilethe former four are now conducting research, the latter 
four have completed their R&D programs and are now managing the fruits 

of their research to promote their propagation and wider application. The 

four R&D corporations'activities are funded by the Japan Key Technology 

Center (70%) and 136 private enterprises (30%). 

CAPITAL : ATR International : 22.0325 billion YEN (Invested by 1.36 

C ompames) 
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1.2 ACR Laboratories 

1.2.1 Organisation 

Established on Mar℃ h27, 1996 

Rese狂 chPedod:M細 h1996 to Febrn紅 y 2003 

Total Budget for 7 yea心： ¥11,900inillion 

Ot・ganization 

Department I ---Architな turefor Adapti,,e Co皿 nunicationS},stems 

Depa1加 ent2 ---Design祖1dControl of AdaptiYe Systetns 

Department 3 ---Advanced Wireless Communications 

Depa1tment 4---Ad四 noedCommunicati011 Devioes 

Pl祖1ningSection 

1.2.2 Research domains 

-Adaptive Technologi蕊 forMultimedia Wirel函 Communications-

D疇 nai1d Control of Con1pl叙

Adapti,・e Syst匹 lS

-Optimization 
-Innovative Architec皿・es

Adaptation in the 
Physical Layer 

V 
Adv四叫Wire!至 A匹函

-Inte!li熙ntA nterun A1-rays 
-Micro¥祖 vePhotonics 

NW:Netl!!ork 

QoS: Quality of Service 
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1.2.3 Main purpose project 

Development of Key Technologi邸 for"Flexible• Multimedia 
Mobile Communications by focusing adaptive technologies 
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Chapter 2 

Adaptive anten11a 

In this chapter, the ¥i¥,'ACNet concept will be presented, in order to 
situate the ESPAR antenna in this new concept. After, the ESPAR antenna 

structure and modelisation will be introduced. In the same time, it will be 

shown how the algorithm has been modified to fit to our purpose : form the 

antenna sector beam. 

2.1 Wireless Ad-Hoc Co1n111unity Network 

The concept of Wireless Ad-Hoc Community Network(¥iVACNet)[?] has 

recently became a hot topic. Such network can be considered as a means of 

communications among portable user terminals that temporally meet, and, 
where distance and time come close yet easy connection to a network infras-

tructure is not possible. 

For example, Bluetooth[?] has been developed to connect between mobile 

handy phones, headsets, PCs, and other devices using the ISM1 band (2.4GHz). 

Bluetooth has great possibilities to enable wireless ad-hoc networks. 

The concept of WACNet is proposed in order to have more scalability, more 

speeds, and low output power level, that makes it very attractive for mobile 

network use. 

2.1.1 Concept and features of the WACNet 

The W4CNet consists of portable user terminals and has no infrastruc-

ture such as hosts; base stations; switches. and hubs. It is therefore expected 

to be applicable anywhere; not only in _fi;ed space such as a office company 

1 Industrial, Scientific and Medical 
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but also in a moving space such as a bus or train. The lE4CNは hassea/a-

bili:ty; i.e.; the ability to accept a large number o.f users terminals because of 

autonomous segmentation and routing. 

The key technologies developed to achieve the WACNet are: routing schemes, 

Space Division Multiple Access (SDMA), user terminals, microwave sig叫

processing, and Electronically Steerable Passive Array Radiator (ESPAR) 

antennas. 

The ESPAR a11tenna is the main subject of this report and will be explain 

more in details. 

Routing schemes 

Each user terminal carries out ¥VACNet routing autonomously. This 

mean that each user terminal has switching, relaying functions and routes 
made by the user terminals through the use of these functions voluntarily. In 

these rou tin号schemes,dynamic topologies such as the number of terminals 

and the relative locations and velocities among terminals must be considered. 

Space Division Multiple Access 

To achieve scalability, the adoption of dynamic network segmentation is 

considered. ¥Tvrith dynamic network segmentation, a network is divided into a 

number of segments consisting of some terminals. One channel is able to be 
used repeatedly in the different segments, so the SD:MA can enable a limited 

network resources to be effectively utilized. Packets from one terminal to 

terminals in the same segment are delivered directly and packets to termi-

nals in different segments are delivered via relay terminals. A segmentation 

algorithm has been proposed that employs the value of vector's dot product 

to perform segmentation[?]. 

User terminals 

To make the WACNet popular it is necessary to miniaturize and reduce 

the cost and weight of the user terminals. One of the important reductions 

to do is to reduce the battery weight. Accordingly, if an adaptive antenna 

can be implement in the user terminal, a large among of battery power could 

be saved. Indeed, the adaptive antenna has a higher gain than an omni-

directional antenna, and can therefore reduce the RF power necessary to 

transmit packets. The adaptive antenna can also suppress co-channel inter-

ference. 

8
 



M. 1crowave signal processmg 

Adaptive antennas have a great advantage in saving RF power. How-

ever, the present adaptive antennas are DB F(cf. _figw・e 2.1) antennas, which 
need the same number of RF high-power or low-noise ampl沿ers,frequency 

converters, and D/ A or A/D converters. 

Therefore, the implementation of adaptive antennas in user terminals had 

been said to be impractical. This is now possible with the "Microwave signal 

processing" concept using RF beam forming(cf. figure 2.2 on the next page) 
instead of DBF. 

A new beam forming architecture has been proposed to achieve the ultimate 

reduct.ions in the size, weight, power dissipation, and fabrication cost. The 

opera.ting principle of this architecture is based upon electromagnetic cou-

pling among array elements. It is called ABF(cf. _figure 2.3 on the following 
page) because signal combining is carried out in space, not in circuits. Since 
this array requires only one RF port to feed, the RF circuit scale is drastically 
reduced compared with other configurations. 
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FIGURE 2.1: DBF: Digital Beam forming 
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FlGURE 2.3: ABF: Aerial Beam forming 

10 



2.2 ESPAR antenna 

As a practical hardware realization of the ABF concept, the Electroni-

c叫lySteerable Passive Array Radiator antenna(cf. figure 2.3 on the preced-

ing page) has been proposed. The ESPAR antenna[?] consists of(, ル1+ 1) 
elements, with A1 = 6 in our configuration. This antenna is a reactively con-

trolled array with only an active radiator, the 0-th element, connecting to the 

receiver (.figure 2』)• The A1 others elements are passives, and the pattern 
is forming by changing the values of the reactances of these passive radiators. 

Compared with classical array antennas, ESPAR antenna has low hard-

ware complexity, low cost, low power consumption, etc. The ESPAR antenna, 
does not need RF-amplifiers, bandpass filters, A /D converters for each ele-

ment like in conventional adaptive array[?,?,?]. This specific antenna seems 

to be good candidate for mobile applications and wireless computer network. 

In this configuration, only the active radiator signal can be measured, 
and the 6 others element signals can be not observed. Therefore, to better 

the pattern, the reactances can be adjusted only with one signal feedback 
information. 

-=-
Ground 
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．．．．． ... •······ 
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FIGURE 2.4: ESPAR antenna 
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2.2.1 Fonnulation of the ESP AR antenna 

In this section, only the receive-mode formulation of ESPAR antenna 

will be tackle. 

Notations 

First, the notations used for all equations and calculus have to be ex-

plained. A scalar or complex value is noted: 叫孔， X,etc. A vector or 

matrix is noted: 翌， X,etc. 

X1 

；砂

Ex姐nple: X = I叫

、Xn

The notationぷTis the transpose of the vector or matrixふ
The constant j is defined by j E CC and j2 = -1. 
ムrepresentsthe identity matrix of order n. 

Formulatibn 

The (M十1)-elementESPAR antenna is a circular array antenna, with 

the active radiator located in the centre of a circular ground pla11e. The 

remaining .~![ elements are passive radiators surrounding the active radiator 

symmetrically. Each of these Af radiators is terminated by a variable reac-

tance. 
X1 

These reactances will be noted: 王=I X,n 

XM  

where the variable vector, 翌 iscalled reactance vector, and Xm  is the value 

of the m-th element reactance. In practical uses the reactance Xm、mustbe 

constrained in certain ranges. 

Now, the output of the ESPAR antenna that is function of the M reac-

tances will be formulated. Note that the output of the ESPAR antenna will 

be consider as the input of the antenna controller. 
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The RF signal impinging on the antenna is denoted且(t)with, 旦(t)~I :I'. 
Si¥f(f) 

where sm(t) is the RF signal impinging on them-th element. 

The RF currents on the elements are not independent but mutually cou-
pled with each other, and depend on the value of the reactances. The RF 

current vector is noted i(t), and i_(tf = [io(t), ... , im(t), ... , iM(t)], with the 

component im (t) appearing on the m-th element. Afterward, i(t) will be 
noted i 

Then, the single-port RF output y(t) of the antenna is given by : 

y(t) =凸(t) (2.1) 

In practjcal uses, the nojse must be take jnto account, the formulation be-

c01nes: 

y(t) =凸(t)+!!:_(t) (2.2) 

where n(t) is an additive white Gaussian noise. But in the following formu-
lation, the noise is not considered. 

Now, let give a representation of the current vector as a function of 
the reactance vector. By using the theorem of reciprocity (1)[?], it can be 

assumed that the ESPAR antenna transmitting and receiving patterns are 
the same. 

THEOREM 1 (RECIPROCITY THEOREM FOR ANTENNAS) 

If an em.f is applied to the ter・minals of an antenna A and the current mea-
sured at the terminals of another antenna B, then an equal current (in both 
amplitude phase) will be obtained at the te1・minals of antenna A if the same 
emf is applied to the terminals of antenna B. 

In transmit-mode (resp. receive-mode), the output impedance (resp. 
input impedance) of the central element is not influenced by the mutual 
coupling of elements. Therefore, the RF voltage of the central element, can 

be imposed as function of the current appearing on this element : 

Vo= \1~- Z。i。 (2.3) 

2electro-mechanic force 
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where Z。isthe output impedance, and V, is the internal source RF voltage. 

Then, the RF voltage current ca.n be explained as a function of i_ : 

Vo' (V, -Z。i。 1 

釘 -1:1:,1,1 

゜V=I I= I ＝じ

゜
1-ぷ・i- (2.4) 

砧n -J叫冦m

Vj¥f I ¥ -J. J.'.MZ. i¥,f 

゜where, ぷ=diag[Z。,;':.r1, ... ,j亀TM]is called the reactance matrix, and, Vin = 
-jxmim is the RF voltage imposed on the reactance ;rm、・

In addition, the RF current i and RF voltage旦havethe relationship : 

i = Y-v 

whereとisthe admittance matrix, with 

Yoo YoM 

(2.5) 

と＝ Ykl 

y1,s1 represents the mutual admit-
tance between the elements k and 
l ((k, l) E ([O, M])2). 

YMo YMM 

By replacing the voltage in (2.5) by its expression in (2.4), the current be-

co1nes : 

i_ = (hr+1十ぷ・と）ー1Yo

where Yo is the first column ofと

(2.6) 

The number of components3 ofとcanbe reduced. First, According to the 

theorem of reciprocity (THEOREM 1), 

V(k, l) E ([0, M])2 Ykl = Ylk (2.7) 

In addition, the cyclic symmetry of the elements of the ESPAR antenna 
implies some symmetries in sub-parts of matrixど.Finaly, the admittance 

3unknow coefficients in the matrix 
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matrix t_ are determined by only 6 components of the mutual admittances[?], 

and can be write as follow : 

Y=  

Yoo Y10・ ・ ・Y10  

Y10 Yn Y21 Y:,1 Y41 Y31 Y21 

如］

即 1

如1

. . . . . . . . 
・約1

Y41 

Y31 

Y31 . ・.  ・.  ・.  ・Y21 

Y10 Y21 如1 Y41 Y31 約1 Y11 

(2.8) 

The values of the six components (Yoo,Y10,Y11, 約1息31,Y41), depend on the phys-

ical structure of the antenna and are constant. 

The ESPAR antenna formulation can be summarized, using equation 2.1 

and equation 2. 7, by : 

y(t) = ((hr+i十ぷ・r)―1Yof旦(t) (2.9) 

Unlike in conventional adaptive array, the signal且(t)impinging on the 

elements of the ESP AR antenna is not measurable. , Only the single-port 

output召(t)of the active radiator can be measured. 

To control the reactances (ぷ）， y(t)is used as feedback. But y(t) is a non-

linear function of .f.(t). Thus, direct application of most of the algorithms of 

the conventional adaptive array does not app虹
It is interesting to propose a model of the received signal 2-(t), before focusing 

on the adaptive algorithm. 

2.2.2 Signal model 

In this section a receive signal model is proposed. In this model there 
are a total of Q + l signal. This model can be expressed as : 

Q 

訓=LQ:.(0q)叫t) (2.10) 
q=O 

where旦(t)is a M + l vector representing the signals impinging on each ele-

ment. Then, g_(0) is the steering vector of the ESP AR antenna and defined by 
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如＝精(m-1) m E [O,M], is the 
position of them-th element relative to 

an arbitrary axis會

The angle 0 is the DOA relative to the 

sarne axis 

And, 叫t)4represents a signal with DOA s島 Inthis case且(t)is supposed 

to be a superposition of Q + 1 signals. 

2.2.3 Adaptive algoritlun 

There are several approaches to make adaptive control of the ESPAR 
antenna. The main problem is the calculation and optimisation of the ES-

PAR reactance with time constraints. Thus the adaptive algorithm used 
should converge rapidly. Several algorithms are candidate for ESPAR an-
tenna control. In this section, some algorithm will be briefly enounced, then 

the algorithm chose to made the experiments will be explain. 

Adaptive methods 

All of these methods aim at optimising a function or a relation. The 
problem is to find the six rea.ctances corresponding to the best directivity. 
Due to the no linearity of the modelling ESPAR antenna output signal (2.9), 
there are several local minimum. 

A first method is to use the CMA 6. This method is based on the con-

stant modulus of the transmitted signal, thus a error can be generate without 
using a reference signal, indeed the purpose is to minimize this error. But 

this method can not distinguish which is the desired signal, only find an op-
timum weight vector of ESPAR antenna which will give a constant modulus 

output. 

A second method is to use Genetic Algorithms, in order to find the 

best reactances values. This kind of algorithms use evolution and selection 

processes, which can be divided in : selection, crossover and mutation. GA 
usually follow these steps initialisation, selection, mutation and crossover. In 
the case of the ESP AR antenna the main purpose of using a genetic algorithm 

4q = 0, 1, ... , Q 
5Direction Of Arrival 
, 6Constant Modulus Algorithm 
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is to reduce the set of possible readances, in a set of reactances including 

the optimum readances. 

A other method is to use a steepest gra.dient-basecl algorithm[?], this 

algorithm is not the optimum, should an optimum algorithm exists. This 
method is explain in the following. 

Gradient-based algorithm 

In this section a gradient-based adaptive algorithm for ESPAR antenna 
will be described. 
In the conventional steepest gradient algorithm, the function to be minimize 
or maximize is the cost function, here it will be called ln, 
A gradient vector of ln is defined as: 

＼

）

 

屹
紐
．．． 

鯰

（

＼

 
△＿一aJn-ax-

△_＿ 

”
 

J
 

▽
 

(2.11) 

where Jn = J ()  81 X1,Xz, .. ,,xn ---'--1l,. ，珈"denotes the denvative with respect to 

王．

To avoid any confusion, it is important to note that in this definition▽み.is 

a vector and not a scalar. 

With the steepest gradient algorithm we proceed as follows: 

• ,f_ = x,nit this initial value is taken arbitrarily or is given by theory 
considerations. 

• for (n=l; n <=.N'conv; n++) 

｛ 
叫← 麟

屯

update王bymaking a change in direction of▽み：

正(n+ 1) = ;r(n)士μ▽,1,,、

｝
 

Here, n denotes the time, Nconv is the number of iterations which assures the 

convergence andμE股+controls the convergence speed. 
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An estimate value of the gradient vector▽, J,,、 (cf. equation 2.11) may 

be obtained by using釦1.ite-dzfferenceappro1:imations of derivatives (cf. Ap-

pendi:i: 1). 
Here, the first-order partial derivative号canbe use. The formulation will 

be: 

8Jn ~ J sn(x渾＋△．叫n)-Js,,(:rm) 

釦 ?7l △亀X,n
(2.12) 

where with this special notation, J sn(ふn+△Xm) = ln(X1, 巧， ...'X渾＋

△ Xm, ... , ,TM) and J Sn(ふn)= ln(: 叫，巧，..., Xm, ... , :rM), and m = 1, 2, ... , J'¥1. 
△ ふ,,corresponds to the perturbation size. 
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▽み， i=:::ib_ーム(0) (2.14) 

with b_ eq叫 tothe part before minus of equation 2.13 and五o)equal to 

the part after minus of equation 2.13. 

In some cases, it is useful to consider some normalizations of the gra-

client vector. Here only 2 cases of normalization have been considered and 

proposed, of course there are several approaches of normalization. 

1. normalization of the cost function J,,,. According to the case in the 

equation 2.14, the normalization can be written as follow : 

J -J (0) 
（▽） 

n• n 
.ln norma,/ize ＝ー一

llb¥12 
(2.15) 

with 

llbll2 = 
1 

M 

豆L(Jn(X1,Xz, ... , X; ・十△x, ... ,x叫）2

i=l 
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2. 11orrnaliza.tiou of the gradient vector▽, 1,, 

wjth 

f)Jn 1 
(V) J,, norm al,::e . = X 

心 II差112

II~ 伽＝
心

土立凸p
M i=l OX; 

(2.16) 

Now let apply the steepest gradient a1goritlnn to the adaptive control 
of the readances of ESPAR antenna .. First, it is irnportar・1tto rernind, the 

presence of an intractable rnatrix in verse in the representation of y(t) (cf. eq. 
2.9) and the fad that the signal vector impinging on the passive elements of 
the antenna can not be observed. 
In the case of ESP AR antenna., the only observable signal is y(t), the cost 

function will be chosen according to this information. 
For each purpose of using the ESPAR a,nteuna., a suitable cost function will 
be adopted. 

In this paper two cost functions for two different purposes will be shown. 
The first purpose[?], makes the ESPAR antenna form a bea.rn in the direction 
of desired signal, a.u<l form null(s) in direction(s) of interference戸igna1(s)
according to the degrees of freedom of the ESPAR antenna. In tlus case a 
reference signal r(t) is used. This signal is known to both the transmitter 
and receiver. 

In the gradient-based adaptive algorithm, a. cross-c01・relation coefficient is 
use as cost function. By introducing the parameter P as the dimension of 

血） and加） which is the vector of time samples of r(t) and y(t), the cross-
correlation coe亀fjicientof T..(n) and加） is defined as: 

▽, 1,,. = Pn = 
駅(nに(n)I

炉(n)罰）✓ザ(n)T...(n)
(2.17) 

where, AH denotes the complex conjugate transpose of _d. 

The second purpose, is to make ESPAR autenna form a beam in the 

direction of a desired signal. This means that only the desired signal irn-

pinges on the elements. In this case the cost function used, is the power7 of 

7 . or mverse power 
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the ouput signal y(t). Using the same para.meter P than above, the expression 
of the cost fuuctiou is: 

1 
p 

▽ .In= Powt:r(y(t)) =戸こ似(n)12 
,:=1 

(2.18) 

with y_い） = Lui (n), 加(n),,.. , yp(n)f 

In this report, the ma.i11 purpose is to form the antenna sector pattern. 

Thus the cost function use is the power. In the 11ext chapter, we will show 

simulation of the a.lgorithrn usi11g power-as cos/. func:/.ion, also experiments 

comliiions will be described. 
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Chapter 3 

Adaptive control of ESP AR 

a11te11na 

In the previous chapter, the ESPAR antenna and an adaptive algorithm 
have been introduced. Now let consider adaptive control of the ESPAR 

antenna. In the first hand, with MatLab software some simulations will 
be made to compute the sector beam pattern, also some results of these 

simulations will be shown. in the other hand, two experiments conditions 

will be described. The experiments aim at forming the sector beam pattern. 

3.1 Siiuulation with MatLab 

3.1.1 The purpose 

The purpose of this work was to confirm that the algorithm could work. 

The matlab simulation was based on the steepest gradient algorithm de-

scribed in the previous chapter. This algorithm has been slightly change in 

order to fit with this purpose : 

To show lhal lhe ESPAR antenna can adaptively steer・beam in one d切・eelion 

.for-one signal、Andalso, lo lrnce the ESPAR antenna sector pallern. 

This means that from an initial set of reactances, the algorithm should find 

a set of reactances which maximize the power in the sense of the steepest 

gradient method. The conver:qenge is assumed when the power goes towards 

a maximum value, i.e. the reactances become constant. 

Firstly, the algorithm has been write in order to form beam with power 

as cost function criterion, and inverse power as cost function criterion. In 
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the first case, it aimed at forming a beam in the Do A 1 of the signal whereas 

in the second case it aimed at forming a null in the DoA of signal 

At the following, only the beam forming has been considered, although the 

programs made allow to test the algorithm generically. 

The matlab simulation consist of several programs to do the simulation in 

these steps : 

Step 1 Input the parameters : 

M : number of passive elements 

N : number of iterations 

P : size of blocks iterations for each reactances (cf. equal.ion 2.11 

on page 19 and 2.18 on page 20 and _figure 3.1 on Lhe .facing 

page) 

p : step size para!neter control 

ふ： derivative step size according to equation 2.12 on page 18 

; r:l, ... , :rG : initial reactances values 

Step 2 Generate test signal : 

• desired signal 

• int~rferences signal (not use) 

● noISe 

Step 3 Compute the adaptive algorithm to get the final reactances 

Step 4 Draw graphs (convergence curve, antenna pattern, reactances varia-

tion) 

According to figure 3.1 on the facing page, the desired signal vector will 

have N x (M + 1) x P values, that means a total of N x (M + 1) x P 

symbols required for N iterations. The algorithm proposed for the adaptive 

reactances search・is : 

input M,μ,vector△;じ

create X dimension M 

create▽ lndimension M 

1 Direction of Arrival 
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create cost dimension M 

let n=l 
u11t1alize X[O], ... ,X[l¥.1-1] 
calculate cost0= cost .funcl£on、

while (n、:s;N)

｛ 
for (m=O;mべM;m++)

｛ 
X[rn] = X[叫＋△:r[叫
calculate cost[rn]=cosl .f'unc:lion 
▽ ln [ rn] = cost [rn ]-cost。
X[rn] = X[rn]ー△：r:[叫

｝ 
for (m=O;m<M;m++) 

｛ 
X[rn] = X[rn] +μ*▽ ln[rn] 
constraint X[叫 inrange [minn; ma:rn] 

} } 

m=O m= 1 

N=I 

N=2 

N =Nconv 

三 block size P ． ．． ．． m=6 

block size P 

三

．
 

••••• 

三

block size P 

．
 

．． ．． block size P 

． 
．
 

••••• 
．．．．． 
block size P ． ．． ．． block size P 

m = I is for the element I ; Pis the size of block values; N is the iteration number 

FIGURE 3 .1: Iteration block diagram 
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3.1.2 . S1111ulat10n results 

Using the algorithm explaine<l before, the sector pattern of the antenna 

has been computed. The sector pattern means, for one impinging signal, 

one beam will be formed in each direction of the sector angle2. Here, the 

reactances values will be compute only for 12 angles with 30°of spacing out. 

It is important to locate here the simulation condition. The desired 

signal is simulated by a BPSK signal vector, the noise is not considered, and 
the range of reactances are constrained in :r: E [-300D; 300D]. The initial 
rea.ctances values is set to zero in the MatLab simulation 

The reactances values for the 12 angles can be see in the table 3.1. These 

results have been obtained for these following initials parameters : M = 6 

(i.e 6 elements), N = 500, P = 100, μ= 2, ふ=20. 

Due to the symmetry of the ESPAR antenna structure, in the data 
results,lable 3.1 on lhe ne:cl page, there is a symmetry for the reactances 

around 00. In the figure 3.3 on page 27 the ai1tenna pattern has been traced 

for 0°,30°,60°,90°, the others values can be deduced by symmetry. 
The table 3.2 on page 2G and the curve .3.2 on page 27 show the behavior 
of the algorithm. In the table 3.2 on page 26, the reactances do not really 
change after 500 iterations. In the conveTgence curve it is also possible to 
see that the power go towards a constant value. This means the algorithm 

converges, this metho<l can be used to adaptively find the reactances. 

It the table 3.1 it can be see that for most of the time the reactances 
values reach the extremities of the constrained range. A modification of the 
algorithm (section 3.1.1 on page 22) is proposed. This modification will be 

use during the experiments. It consists in adding a constraint in the adaptive 
look up like this : 

input M,μ,vector△;じ

create X dimension M 

create▽ Jndimension M 
create cost dimension M 

let n=l 

uutialize X[O], ... ,X[M-1] 

calculate cost。=cost funclion 

2from 0°to 360° 
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Angles of desired signal 
oo 30° 60° goo 120° 150° 

:r1 -246.0 -300 202.3 154.1 90.1 39.4 

:r2 202.3 -300 -246.0 -300 202.3 154.1 

ぷ：3 90.1 154.1 202.3 -300 -24G.O -300 

:1;4 -2.4 39.4 90.1 154.1 202.3 -300 

.1:5 90.1 39.4 -2.4 39.4 90.1 154.1 

:i:5 202.3 154.1 90.1 39.4 -2.4 39.4 

Angles of desjred signal 

180° 210° 240° 270° 300° 330° 

,T1 -2.4 39.4 90.1 154.1 202.3 -300 

;1;2 90.1 39.4 -2.4 39.4 90.1 154.1 

:r:3 202.3 154.1 90.1 39.4 -2.4 39.4 

:i:4 -246.0 -300 202.3 154.l 90.1 39.4 

;1;5 202.3 -300 -246.0 -300 202.3 154.1 

:I:5 90.1 154.1 202.3 -300 -246.0 -300 

TABLE 3.1: Matlab simulation results, reactances values for sector pattern 

{hile (n:S;N) 

for (m=O;m<.~1;rn++) 
｛ 

if (X[m} +△ :rm .> ma: じ）
｛ 

'.} 

X[rn] = X[叫—△；r[叫
calculate cost[叫=cosl function 
▽ ln[rn]=-(cost[叫—cost0)
X[rn] = X[叫＋△:r:[叫

else 

｛ 
X[叫 =X[叫＋△:r:[叫
calculate cost[rn]=cosl .function 

▽ ln[rn]=cost[rn]-cost。
X[叫=X[rn]ーふ[rn]

} } 
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Number of iterations 

500 1000 2000 

;r;l -246.0 -251.4 252.6 

:1:2 202.:3 261.4 298.5 

:1;3 90.1 112.5 124.7 

:1:4 -2.4 -.Jr-. ,.., I -7.5 

：じ5 90.l 112.5 124.7 

:i:6 202.3 261.4 298.5 

TABLE 3.2: Matlab simulation results, reactances versus the number of it-

erations 

for (m=O;m<:.~if;m++) 
｛ 

X[m]=X[叫+μ*▽叫叫
constraint X[叫 inrange [m切:ft;ma:、国］

｝ 
｝
 

This rno<lification, will change the behavior of the reactances when an extrern-
ity of the constraint reactance range is reache<l. In the case of the ESPAR 
antenna the optimum reactances are not unique. By going all the time in the 
same direction for each reactance an optimum solution can be forgotten. If 
the ESP AR antenna solution set is considered as a 6 dimensions set3, from 
one point to one solution4, the path until this solution does not follow all the 

time the same <lirection for all the axes. 

3 6 axe::; 
4 extremum 
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Power versus Iteration number (N=2000) 

30 

25 

500 erati~ 叩 mber 1500 2000 

FIGURE 3.2: Matlab simulation, power as cost function versus number of 
iterations 

ん_.. 珈''°"""" .... 匹 ,,,.,,sotoo..,_

,.,,ffl心,.. 細如....,,. と比＾心p亀隕m訳,,...... 

FIGURE 3.3: Matlab simulation, ESPAR antenna patterns : first quadrant 
(polar) 
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Antenna Pattern for 0,30,60,90 degree(s) 

15 

-30 

FIGURE 3.4: Matlab simulation, ESPAR antenna patterns : first quadrant 
(cartesian) 
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3.2 Adaptive control of ESPAR antenna using 

DSP (solution 1) 

In this part an adaptive control of ESP AR antenna using DSP controller, 
・will be presented. The DSP solution for adaptive control, allows to have real 

time experiments and allows to test many algorithms. In this part of the 
work, the purpose was to experimentally form the sector beam pattern, for 

12 angles between 0°and 180°. 
In the experiment case, the reactance values cannot be directly set. Thus, in 
this section the term "reaclance(s)" refers to the "vollage(s)", which can be 

叫justed.

3.2.1 Experi1nent conditions 

Transmitter 

(Horn antenna) 

(Cc 

Voltage 

settings 

Rotator position 

r-------~ 
1 ROTATOR I 

I I 
• CONTROLLER I I 

output I POWER I 

of I MEASUREMENT I 
¥ I 

ESPAR ---~- ---

出Henna

REATANCES 

CONTROL 

Computer+ DSP 

PATTERN 

MEASUREMENT 

Computer 

~-------、
I I 
I TRANSMITER 1 

I CONTROL I 
I -
ヽ ― -- - - - - _1 

FIGURE 3.5: Experiment condition scheme (DSP solution) 
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Hardware conditions 

FIGURE 3.6: ESPAR antenna 

The ESP AR antenna used (cf. .figure 3. 6), is composed of 6 passive 
monopoles around a central active monopole. The central monopole is cou-

pled with the 6 others elements. The reactances of the passive monopoles 

are adjusted by directly adding some loads at their extremities or indirectly 

changing the voltage values at their extremities. 

The reactance values for each element can not be directly set, a control volt-

age has been made for this. Thus, there is a relationship between the voltage 

set and the reactance value. This relation depends on the components use 

to make the varactances, and the coupling reactance between the elements. 

The voltage value varies between -0.5 Volt and 20 Volt. In fact a D/ A5 is 

used to set the voltage value, this D/ A is coded with 12 bits and then can 

accept values between -2048 and 204 7, this range is preferred from O to 409.5 
because of symmetry. It can be noticed that with this range of values, a sim-

ple search algorithm should deal with (212)6 = 272 :=:::J 4.7 X 1021 possibilities 

of reactances, it is obvious that a better method must be used for real time 

system. Finally the relationship between voltage and reactance is : 

:r; = -0.021 ?v -49.21 (3.1) 

、rvhere;r: is the reactance and v the voltage, this relation assures that ぉ€

[-93.G3D; -4.77D] with v E [-2048; 2048] 

5Digital to Analog converter 
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Note tha.t this relation is shift by an offset, that prevents the voltage from 

having a symmetry around O as it is shown in the simulation results (cf. 

lableふ1on page .'25). 

The experiments has been made in an anechoic room (cf. .fiリ'll7'e3.5 
on page 29). The antenna was placed on a rotating platform control bv an 

independent system. To control the reactance values, a Computer ad:Eng 
with a DSP board has been used. The DSP board and computer features 
are as follow : 

Device features 

Computer DSP Board 

Manufacturer none Spectrum Signal Processing 

CPU(s) Pentium III TMS320CG701 (x 2) 

CPU Manufacturer Intel Texas Instrument 

CPU(s) speed 800MHz 167 MHz 

Memory 256 Mo IM-Bit on each CPU* 

The DSP board used has some specific features, for instance in addition 
to the DSP CPU memory* the board has some dedicated memories (.fig・ure 3.1 

on lhe .f ollo・u九11、gpage). It is connect to the computer motherboard by PCI 
bus. Also, a local PCI bus on Daytona connects the processor nodes, system 
control operations, and the PMC site together. The DEC 21153 chip provides 
the PCI-to-PCI bridge from this local PCI bus to the external host PCI bus. 
Spectrum's Hurricane chip provides a high_ performance bridge between the 
PCI bus and DSP processors. Each processmg node is connected to the local 
PCI bus through a Hurricane chip. A Hurricane chip is also used as the 

interface between the'C6x Host Port Interface bus'and test bus controller 
system control operations, and the local PCI bus. 

The others features are listed here: 

• Full-width PCI board consists of two C6701 floating-point processors 
processing nodes瓦

• 128K x 32-bit of synchronous SRAM per processing node 

• 4M x 32-bit of SDRAM per processing node 

• SK x 32-bit of dual-port RAM supporting low-latency data exchange 

between processing nodes 

6node A and nod<"! B 
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r----------------------------------------------------------------------------------

ー／＼＇
／＼ ＇ 

][ DAYTONA PCI BOARD : 

-・・・ ・・・・・・・・・・・・・・・・・・・・・・・・・・・・・-・・・・・-・・・・・・・・・・・・・・・・・・・・-・・・・・・-・・-・・-・・・・・・・・ 
-~/ 

PC'! Host Bus 

FIGURE 3.7: Daytona Block Diagram 

• Host PCI interface using the DEC211G3 PCI-to-PCI bridge chip 

＇ ＇ 

• 132 Mbytes/s PMC module site. A PMC site is accessible from both 
the local PCI bus and host PCI bus. The PMC site allows a PMC 
(PCI Mezzanine Connector) card to be installed in order to add I/0, 
memory, or other capabilities to the Daytona. 

• Convenient paged memory access to the'C6x address space through 
the℃ 6x Host Port Interface (HPI) 

• External and on-board .JTAG debugging support 

• PEM (Processor Expansion Module) sites 

• DSP LINK3 I/0 interface, provided for on-board and external 1/0 
boards and, controlled via processing node A. 
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Software conditions 

,----------------------------------------1 

Code Composer 
DEVELOPPEMENT VISUAL CIC++ 

Studio 
SOF「WARE

---------------------, ――------

Program 

esp.out 

Day101111a DSP 

Board 

TARGET 

I 

I 

1 SUPPORT 
I 

！ 

COMPUTER 

TARGET 

FIGURE 3.8: Software organisation 

Program 

I 

I 

I 

I 

I 

I 

I 

The ESP AR controller programs(cf. figure :3.10 on page 37) have been 

made by Mr. Kiyoshi Kobayashi of NTT-ATC7. The program scheme and 

the front-end screenshot can be seen respectively in the figure 3.8 and fig-

ure 3.10 on page 37. 

In this part the purpose was to study by r-everst rn.ginter叫/the software 

source code, in order to make the antenna form beam. 
Indeed, the purpose of the software made by NTT was to experiment the 

adaptive algorithm that makes the ESPAR antenna steer its beam and nulls 

automatically, presented in section 2.2.3 on page 17 and paper [?]. 
Our purpose, was to modify these programs in order to make the ESP AR 

antenna form one beam in the condition presented in scheme 3.5 on page 29. 

The main problem was to show that ESPAR antenna can form one beam 

to an incoming signal, and then for all direction of the sector. Actually the 

ESPAR antenna has been not ever test in multi-signals conditions. The ex-

periments protocol an<l theory necessary to make experiments in multi-path 

71¥ippon Tf!lf!graph and Tf!lf!phonf! -Advancf!d Tf!chnology Corporation 
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and multi-signals condition, are actually studied by Mr. Atsuya Ando. 

First, let describe the program scheme (3.8 on /he p1・eceding page and 3.9). 

DSP Command 
Config File 

HOST to DSP 
COMMUNICATION 

Adaptive algo 

startmeasure.c 
stopmeasure.c 
measure.c 
posemeasure.c 

ESPAR Antenna 
output mea.,ure 

Texas Instruments 
Libraries 
isfp60l.c 

LIBRARIES 

DAOutput.c 
outputvolttage.c 

VOLTAGE OUTPUT 

esp.mak 
1, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FIGURE 3.9: DSP programs block diagram (project file: esp.mak) 

The program code has been split in two parts: one part, made in C, to be 
use on the DSP and the other, made in C++, to be use on the host (PC). 
When "anlenna.e:ce" is executed, it loads the file "esp.out" in the DSP mern-

ory. Then, a communication between the host and the DSP board allows to 

control parameters and get values, ESPAR antenna measure output signal, 

cosl .function values, reactai1ces・values, , ... 

The main DSP program is a finite state machine, which waits for the host 

commands, get the ESPAR antenna Q/18 output signals, put them in a 

FIF09, and adaptively compute the voltages values. 

For instance, for 1 iteration, and 1 elements change, it has to write in the 

FIFO, read the value of the top of the FIFO, compute the new voltages, and 

make a D / A output. So the D/ A converter is used to set the voltages and 

the A/D converter is used to get the I and Q channels values. 

To modify the program (.figure 3.8 on lhe preceding page), only the DSP 

part (.figm・e 3. 9) has to be modified. The modification made was to change 

the computing of the cost function in the DSP algorithm part. 

8Quadrature and In phase 
9First Input, First Output 
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The two files t.o change was・'・111rnsun.c" and''rnain.c''. ln t.he original code, 

the cost function used is the same presented in the equation 2.17 on page 19, 

so the section program is like this : 

I*----------------------------------------------------------------------*I 

for(i = O; i < length; i++){ 

I* get Q and I values of ESP AR output signal *I 

y_data[i] .q = -((float) ((buffer_y[i] & Oxffff)≫ 4) -2048); 

y_data[i].i = -((float)((buffer_y[i] & OxfffOOOOO)≫20) -2048); 

I* get Q and I values of reference signal *I 

r_data[i] .q = (float) ((buffer_r[i] & Oxffff)≫4); 

r_data[i] .i = (float)(buffer_r[i]≫20); 

｝
 

I* calculate cost function *I 

for (p = O; p < length; p++){ 

a += (y _data [p] . i * r _data [p] . i + y _data [p] . q * r _data [p] . q); 

b += (y_data[p]. i * r_data[p] .q -y_data[p] .q * r_data[p]. i); 

y += (y_data[p] .i * y_data[p] .i + y_data[p] .q * y_data[p] .q); 

z += (r_data[p].i * r_data[p].i + r_data[p].q * r_data[p].q); 

｝
 

sqrt_x = sqrtf((a *a)+ (b * b)) / datalen; 

sqrt_y = sqrtf (y / datalen) ; 

sqrt_z = sqrtf (z / datalen); 

mecorr = (sqrt_x / (sqrt_y * sqrt_z)); 

I* send cost function *I 

sendMeasure->coeffData = mecorr; 

I*----------------------------------------------------------------------*I 

To fit to our purpose, i.e use the cost function in equation 2.18, the 

section program has been modified like this : 

I*----------------------------------------------------------------------*I 
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for(i = O; i < length; i++){ 

I* get Q and I values of ESPAR output signal *I 
y _data [i] . q = -((float) ((buffer _y [i] & Oxffff)≫4) -2048) ; 

y_data[i] .i = -((float)((buffer_y[i] & OxfffOOOOO)≫20) -2048); 

｝
 

I* calculate cost function *I 
for (p = O; p < length; p++){ 

a += (y_data[p]. i * y_data[p]. i + y_data[p] .q * y_data[p] .q); 

｝
 

me corr = a/ ((float) (par am. sarnple≪SHIFT _ CDEF)) ; 

sendMeasure->coeffData = rnecorr; 

I*----------------------------------------------------------------------*I 

In the modification, we introduced a new parameter: SHIFT_ COEF. At the 

beginning, the purpose of this parameter was to limit the cost function range 

value. Because compared in the er-ass cor・rdalion as cost function case, the 

value of the cost function in the case of power is very high, so the extrema 

values of the voltages10 are always reach. So the algorithm does not work as 

expected .. 

After, we considered a normalization (c.f. eq・ualions 2.15 on page 18 and 

eq-uat、ion2.16 on page 19) of the cost function in order to obtain better 

result. In this case, the significance of the SHIFT_ COEF parameter is to 

proportionately shift the values in an other range. Also this range is not 

important, the most important was the behavior11 of the algorithm. 

Some Experiment results, can be found in chapter 4 on page 43. 

10-2048 and 2047 
11convergence, speed of convergence, ... 
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FIGURE 3.10: Frontend of the DSP adaptive ESPAR controller software 

37 



3.3 Adaptive control of ESPAR antenna (solu-

tion 2) 

The ESPAR antenna is very attractive for industrial. ATR works in 

collaboration with several companies in particular, on the ESPAR antenna 

project, ATR works with Antenna a/gen corporation. Antenna Gigen prod-
ucts the ESPAR Antenna, so they work in collaboration with ACR's re-

searchers. The purpose of the work is the same : 

Tu・make lhe ES PAR antenna sleer-beam f u・r s砂 emlangles and fur une sig-

nal. And also, lu /.rnce /.he ESP4.R anlenna seclur JJall.e訂 lin、U'l'(ler-lu cun:fir-m 
ihe behavfo1・u.f the Antenna. 

To do this, an homogeneous and similar work condition is needed in 
both part, ATR and Antenna Gigen. ATR had to find the algorithms, and 
to make the ESPAR controller program and software. 

3.3.1 Expernnent conditions 

The experiments has been made also in an anechoic room (c.f. _figure 3.11 
on t.he facing page). The antenna was placed on a rotating platform control 
by an independent system. 
A Computer adding with a GPIB board and a D / A board is used to control, 

the voltages settings and power measures, with this solution we can also 
control the rotation of the antenna with the same computer. 
A RF12 Network Analyzer is used to measure the power. In fact the RF-NA 

can provide the ratio value between two of its ports, it can also generate 
continuous wave~t different frequencies. 

Hardware conditions 

The Hardware used is described as follow: 

Computer : Intel Pentium III 500MHz, 256 Mo of RAM 

GPIB Board : National Instruments 183617G-Ol. The GPIB13 allows com-

municating with devices supporting the American standard IEEE488.1, 
and also, for some new board the American standard IEEE488.2. The 

board can control up to 16 devices in the same time. This board it is 
used to control the Network Analyzer and the antenna rotator. 

12Radio Frequency 
13General Pmpose Interface Bus 
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FIG u RE 3.11: Experiment condition scheme (2直 solution)

D / A Board : CONTEC DA12-8L(PC). It is a digital to analog converter. 

It features is : 8 channels, 12 bits converter, 3 modes of voltages out-

put (士lOV,士5Vand OV~lOV). The ESPAR antenna voltages varies 

between 0.5V and 20V, so a DC converter is added at the output of 

the DA board used in OV ~ lOV mode. 

Network Analyzer : Agilent E8358A. Allows measuring the ratio between 

the ESPAR antenna output and the transmitter, so the power of re-

ceived signal. 
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, miscellaneous , 
＇ I ＇ I C functions , 

---』
:――~-------7-----、:-: 

adapcom.c 

adaptivel.c 

adaptive2.c 

I 

Adaptive algorithm1 
------------------ Hardware control 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _I 

＇ : Output options , 
-------------------------------

FIGURE 3.12: Software block diagram 

Software conditions 

To achieve the software control, several API is used. The GPIB board 
came with API drivers and libraries for several programming languages. A 
specific API made by CONTEC was used to drive the D / A board, this API 
is a common and generic API, so the program made is assumed to work on 

almost all CONT EC D / A board. 
The programming language is the C with Microsoft Visual Studio on Mi-

crosoft Windows 98 OS. The IEEE488.1 is a simple ASCII14 communication 
protocols, a string of commands is sent to the target device, and the target 

device sent back some data in same format. 
The programs scheme made are described in figure 3.12. The executable file 

is a DOS command to be used as UNIX/Linux like commands. We made 

this program to works at both, Antenna Gigen environment and ATR envi-

ronment. Indeed, Antenna Gigen and ATR does not use the same Network 

147 bits American format 
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Analyzer, as the NA used depend of the commands, the specific "GPIB con-

trol" part has been split in two parts. 

The "main.c" program only consists in analyzing the input commands pa-

rameter, initializing the devices, running functions, closing the devices. 

In this solution, to synchronize the different boards, a delay time is used 

between the modifications of the volta~es and the measure of the power. In-
deed, the voltages modification takes tnne before having "measurable" effect. 
Also that depends on the computer and OS features. So, this delay is a 

parametric delay. 
In the next chapter, some results for the both experiment condition, will be 
presented 
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Chapter 4 

Experime11t results and discussion 

In the previous chapter, the experiments condition and configuration 

have been explained, now, some experiments[?] results will be shown and 

comments. This chapter will be composed of three parts. In the two first 

parts, some experiment condition and results will be presented and com-

mented for the "solutioが 1"and the "solution2 fl'. Then a general com ment 

will be made upon these experimental results. 

4.1 Experi1nental results using DSP 

The main object of these experiments was to make the antenna form 

beam, and find the better parameters::i which allow to obtain the better 

results. These fundamental experiments aimed at having some data about 

the ESPAR antenna behaviour. 

The experiment shows here is done with normalize cost function, as 

presented in equation 2.16 on page 19. Also the initial parameters were as 

follow: 

• P = 240 

• △, r, = 40 

• /1 = 300 

．． 
• Imtial voltages v1 = 四 = ••• = Vc, = -1000 

1Using a DSP 
2Ketwork analyser and D / A converter 
3P,N,μ, △，℃ 
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In the graphs shown in figure 4.1 on the next page, the beam forming can be 

observed with the iteration increasing. These graphs show that the algorithm 

goes towards a beam forming value of the rea.ctances. Also that shows us, 

that in practical use the number of iterations is very important. Thus, the 

first pattern (N=lO) shows that the power output for the 0°degree direction 

is very low, until (N=lOOO) where the poweT output is higher, but not the 

highest. In this experiment, the difference of gain power is about 7dB. 
Also by seeing the convergence curve in figure 4.2 on page 46, it can be seen 

that the curve increases but does not reach a constant range. 

So two things can be said. First the difference power, for the desired angle, 

between the first iteration and the last one, depends of the initial reactances. 

And secondly the control of the N parameter will depends of the power of 

the input signal. 

It was also interesting to compare the two different normalizations pre-
sented in equations 2.15 on page 18 and 2.16 on page 19. In the curve in 

figure 4.3 on page 46 the normalisation is the version of equation 2.16 on 
page 19, and, the initial parameters are the same. 

In this curve the power level grows up faster, and seems to converge in mean 
towards a constant value. This means that the normalization of the cost 
function can change the behaviour of the convergence speed. 

In this case the instability of the curve is obvious, but it is according to the 

theory[?]. Thus, a solution could be to use a variable /l parameter which 

will depend of n, i .e 11 = /1 (n), as Pr. Shishkov proposes in [?]. The new 
formulation of /I will be : 

/1 
11(n) = -

1 + !!:. 
'T 

(4.1) 

where T and /1 are constant values. 

So, when n will increase, i.e. goes towards convergence value, 11(n) will vary 

in the way to decrease the convergence step, so decrease the instability. 

All these results and remarks have been use in the following experi-

ments. 
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如 1onnaPattem SOI o曲g函， N=10(NCF1) Anlenna PaHem SOI O⇔ g,ee,N•50(NCF1) 

'~ ← ~/ 
Azim,~ 

紅"'""
Anlonna Pan,m SOI 0曲gぼ,,N = 100 (NCF1) Anl.,naPa佃mSOIO 如O'"• N• 500 (NCF1) 

Azlmuけ Azlmu, 

Aotoooa Pallom SOI O dog,oe, N• 1000 (NCF1) Ant● nna Patt,m SOI Odeg,.., N=2000 (NCF1) 

Az,m"~ Az,mu~ 

FIGURE 4.1: Experiment, ESPAR antenna patterns : beam forming for N 
= 10, 50, 100, 500, 1000, 2000 (with normalization) 
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Power versus Iteration number, N = 2000 (NCF1) 

40 

゜゚
500 era~ 哨dll'mber 1500 2000 

FIGURE 4.2: Experiment, power as cost function versus number of iterations 

Power versus Iteration number, N = 50 (NCF2) 

FIGURE 4.3: Experiment, power as cost function versus number of iterations 
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4.2 Experhnental results for 2nd solution 

In these experiment, the power is directly measured whereas in DSP 

case the power is calculated using the Q and I signals of the output signal of 

the antenna. The results expected should be most closed to the simulation 

results. 
The experiments took place at Antenna GI GEN Corporation4, in their ane-

choic experimental room. Many experiments have been made, in order to 

inspect the influence of the frequency, the initial voltage values, the parame-
ters尺thevariation off one or all of the voltages. All these experiment results 
are presented in Mr. Jun Cheng experiment paper for WACNet. Obviously 
in our paper only some results will be shown. 

The patterns in figure 4.4 on the next page represents the beam forming 

for 0°,30°and 60°. The value of /L is high because the linear power level is 
low (see figure 4.6 on page 50 and figure 4,5 on page 49. It can be noticed 
that the pattern for 60°can be obtained by symetry of the pattern of 0°. 

Also, the figure 4.6 on page 50 and figure 4.5 on page 49 show the convergence 
curve of the cost function and the voltages, for 0°and 30°. 

4Tokyo 
5μ, △z 
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Antenna Pattern SOI o degree, P=40, N=200, mu=10000, dx=40 Antenna Pattarn SOI 30 degree, P=40, N=200, mu=10000, dx=40 
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FIGURE 4.4: Experiment, ESPAR antenna patterns: beam forming for SOI 
0, 30 and 60 degree 
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Power versus Iteration number, SOI O deg (N=200) 
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Power versus Iteration number, SOI 30 deg (N=200) 

0.08 

0.07 

0.01 

゜゚
50 150 200 

Voltages versus Iteration number, SOI 30 deg (N=200) 

2000 ・--'"'ぶ．一．；，c．ヽ.. ・.. :: .. ,:.・., ぷ,,7:,:,... :,,, こ'..'..―_" ， , 
_, : ., 

＇， 
1

"

 
-' 一・-. 、

•• 
r••999,‘ 

! v1-
・・,:: .. : ..、...: ・・・:,ぇ，：: .. :: 戸乏c.:.. , ●'・"""'企七主グ・・9

; v3 ...... .. 
! v4 .........、.. 

＇ v5 -・ 一・一9一. .L ............... . 

゜
,

0

 

"

2

 

FIGURE 4.6: Experiment, convergence curve, for cost function and voltages, 
SOI = 30 degree 

50 



4.3 Conclusion of this part 

To summarize we can say that ESPAR antenna can form bea.rn in all 

directions. Adaptively find the volt.ages allowed making useful experiments 

and concluded that the antenna ca.n steer bea.rn, i.e can work. The ESPAR 

antenna sector beam pattern can be form in the two experiment conditions, 

as it can be seen on the results. Then, with the adaptive algorithm we made, 

we can also inspect the behavior of the ES PAR antenna in several frequencies, 

and voltages values. 
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CONCLUSION 

This pa.per proposes a way to make the ESPAR antenna adaptively 

form beam, and to obtain the antenna sector beam pattern[?]. The ESPAR 

antenna is a new kind of smart and low cost antenna, which allows many 

perspectives. 

Actually find an algorithm that allows ESPAR antenna. to steer beam in 
direction of signal and nulls in direction of interferences, is again a hot topic. 

The ma.in issue is that ESPAR antenna is not a conventionnal array antenna. 

Theories about array antenna can not be directly apply. At ATR-ACR we 

try to恥 dthe better algorithm for this problem, which fit to the WACNet 

ex1genc1es. 

The gradient-based algorithm[?], is the first algorithm proposed by ATR-

ACR for the ESPAR antenna adaptive control. Our present work was to 
modify this algorithm in order to adaptively form beam and then obtain the 

sector beam pattern. The simulations made with MatLab, and the several 
experiments made in the anechoic room, show that we can adaptively make 

the ESPAR antenna form beam. 

With our present work we can also inspect the behaviour of the ESPAR an-
tenna in many condition, and find the better parameters like initial voltages, 

gradient step size, etc., to improve the beam forming gain power. Also this 

work can be extend to other algorithms. 

POWERED BY 

A Tux JN B1)ぷ
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APPENDIX 1 

1.4 Finite-difference approxi111ations of deriva-

tives 

Let consider aび（戦） function .f : 罠→ 良；r: I-+ f(.1:). For the ap-
EJJ proxirnation of the first derivatives, 蕊 finite-differenceapproximations can 

be used. The finite-differences are calculated from a number of functions 

evaluations of particular : そvalues.Foward (figure l. 7) or central(figm・e 1.8) 
approximation can be used. 

1.4.1 Foward approxiination 
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FIGURE 1.7: First order partial derivative 

The Taylor-series approximation of the twice continuously differentiable 
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univariat◎ function .f(.1;) is: 

.f(:r + h) = .f(.T) + h『(:r)+ O(li2) (1.2) 

0(1召） represents a term of order 2 or higher. The forward-difference formula 

f(.r, + h) -f(.T) 
やF(f,h) = =『(:r)+ O(h) (1.3) 

h 

t.pF(f, h) is the approximation of the first derivative of f(:r) using the step 
length h. Similarly, the backward-difference approximation can be calculated 

by 

臼 (.f,h)=. 
f(:c) -.f(. ℃ ―h). 

h 

The truncation error of both, the forward and backward-differences is 

1 

2 
-・h・.f"(.r + 0・h) 

where O < 0 < 1 

(1.4) 

(1.5) 

1.4.2 Central approx1111at1011 

For higher accuracy the central-difference (cf. _figuだ 1.8)approximation 

can be used. 
Central-differences are derived from the Taylor expansion of second order 
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亀

1 
= f(x)+h『(.r)+ -h2.f"(x) + O(hり

『
= f(.r) -h『(.r)+ -h2.f"(x) + O(h門．

2 

From these equations the central-difference formula 

四 (f,h) ='CJL  

f(x + h) -J(.T -h) 
=『(.T)+ O(hり (1.8)

is derived. 

In this approximation the truncation error is of second order 

1 

6 
-. J召._r(3)(.1: + 0・h), 
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‘、.'¥、．，ー、

(1.9) 

6Here the function f(.t) is assumed to be a univariate function. For multivariate func-
tions finite differences are performed for each dimension of x. 
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FIGURE 1.8: Second order partial derivative 

but two function evaluations around召arerequired. 

v¥lhen the target function has n independent parameters s・n function 

evaluations are required using a central-difference approximation. If a single 

evaluation takes several minutes to hours the forward-difference formula is 
preferable to reduce the overall calculation time. To keep the error of the 

approximation in an acceptable range the step size is adapted for each input 

parameter, depending on the values of the previous iteration. 
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APPENDIX A : MATLAB SOURCE 

CODES 

essail.m 

program name : essail.m 

path: source/matlab/reactance_control/essail.m 

comments : Main program 

function [grang,cost_func]=essai1(N,P,mu,delta,DoAs,SOI,type) 

% test of the adaptive algo 

o/。
% essai1(N,P,mu,delta,DoAs,SOI,type) 

% DoAs liste of DoA 

% type cost function type (see adaptivealgo CostFuncType) 

% SOI signal of interest (one among DoAs) 

disp(['N ->'num2str(N)J); 

disp(['P ->'num2str(P)]); 

disp(['mu ->'num2str(mu)]); 

disp(['delta ->'num2str(delta)]); 

disp (['DDAs ->'num2str (DoAs)]) ; 

disp(['SDI ->'num2str(SOI)]); 

disp(['type ->'type]); 

%clear all; 

cwd = pwd; 

cd(tempdir); 

pack 

cd(cwd) 
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M = 7; 

%SOI = 4; 

Zrange=[-300 300]; 

tot=N*P*M; % a total of samples for training 

NoSig=length(DoAs); 

% symbol sequences for desired and interference signals 

'/, prepare for desired signal (sindex=SOI) 

desiredsig=[]; 

for n=1:N 

sigrefblock=(1-2*randint(P,1,2)); 

for mele=l:M 

desiredsig=[desiredsig; sigrefblock]; % repeat M blocks 

end 

end 

sig(:,SOI)=4*desiredsig; % symbol sequence of desired signal 

clear desiredsig; 

o/ 。preparefor interference signal 

for sindex=1:NoSig 

if sindex~=s□I 

sig(:,sindex)=(1-2*randint(tot,1,2)); 

end 

end 

% preparing the noise 

le。noise=(randn (1, tot) +randn (1, tot)* j) ; 

noise=zeros (1, tot) ; 

% signals imping on elements 

Xin=zeros(M, length(sig(:, SOI))); % NUM*Fs/Fd samples for training 

for sindex=1:NoSig 

steervector=ESteer(DoAs(sindex),M); 

Xin = Xin + steervector.'*sig(:,sindex).';%Response to a direct path from angle theta. 

end 
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clear steervector; 

clear sindex; 

% calcul (steepest gradient) 

% preparing reference signal 

r = sig(: ,SOI).'*exp(j*deg2rad(randint(1,1,360))); 

deltaZ = ones(M,1)*delta; 

'I。type='power'; 

[w,x,cost_func]=adaptivealgo(Xin,r,noise,mu,deltaZ,P,Zrange,type); 

disp(['reactances for', type,'->']); 

disp(num2str(x)); 

% drawing graphs and curves, so the results 

NoFig = 1; 

hold off; 

figure(30); 

subplot(2,2,1); 

for i=1:N 

% divers(i-1) = real(cost_func(i))-real(cost_func(i-1)); 

divers(i) = mean(real(cost_func(1:i))); 

end 

% divers(N) = divers(N-1); 

plot (1 :N ,real(cost_func),'', 1 :N ,divers,'r-'); 

plot (1: N, real (cost_func)) ; 

%axis([O N 0.01 1]); 

xlabel('Nurnber of Iterations'); 

ylabel(type); 

title([type'vs Iterations']); 

minTheta = O; 

maxTheta = 360; 

theta= deg2rad(minTheta:maxTheta-1); 

val = ones (1,maxTheta-minTheta); 

for index=2:M 

val=[val;exp(j*(pi/2.0)*cos(theta-(index-2)*(2*pi/(M-1))))]; 

end 
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range= minTheta:maxTheta-1; 1/c。rangefor DoAs 

gain= 20*1og10(abs(w.'*val)); 

grang = [range.',gain.'] ; 

subplot(2,2,2); 

plot(range,gain,'',DoAs,gain(DoAs+1),'r.--'); 

title(['D□A:',num2str(DoAs),'SOI:',num2str(SOI),' 
ylabel('Response (dB)'); 

% ad_gain = min(gain); 

% if ad_gain < 0 

% ad_gain = -ad_gain; 

'1c。else

% ad_gain = 0; 

'1c。end

% polar(deg2rad(range),gain+ad_gain); 
'/4。title(['DOA:',num2str(DoAs),'

% ylabel('Response (dB)'); 

subplot(2,2,3); 

SOI:',num2str(SOI),' 

Cost Function:',type]); 

Cost Function:', type] 

polar_ploth(deg2rad(range),gain,min(gain),2,'m-', max(gain)); 

title(['DDA:',num2str(DoAs),'SOI:',num2str(SDI),'Cost Function:',type]); 

title(['DDA:',num2str(DoAs),'Cost Function:',type]); 

% ylabel('Response (dB)'); 

66 



adaptivealgo.111 

program name : adaptivealgo.m 

path: source/matlab/reactanc:e _ control/reactance _ control/adaptivealgo.m 

comments : Adpative algorithm function 

function [w, x, cost_func] =adapti veal go (Xin, r, noise ,mu, del taZ, P, Zr_ange, CostFuncType) 

% gradient-based algorithm for ESPAR antenna 

% 
'1c。adaptivealgo(Xin,r,noise,mu,deltaZ,P,Zrange,CostFuncType)
0ん

'1c。input: Xin 

r 

deltaZ 
p 

[M,N*P]-matrix an antenna input signal 

[1,N*P]-matrix a desired array output 

[M,1] pertubation size for each individual reactance 

same as in the Cheng paper 

'1c。
／゚。

／゚。

／゚。

'1c。
'1c。
0ん

Zrange range of reactances 

CostFuncType : 

'1c。
'lo。
／゚。

% output: w 

'1c。 X

% 

[M, val] = size (Xin) ; 

N = val/(P*M); 

clear val; 

rho-> normalize cross correlation between randy 

1-rho2 -> 1 minus rho~ 2 

pwower -> (1/P)*(y*y') 

power inverse-> 

M-vector adaptive weight 

M-vector reactance 

xO = -j*50;'/4。xOis always set to zero (or -j50) 

% Init x(1) 
x = zeros(M,1); 

x(1) = xO; 

deltax = diag(deltaZ); 

deltax(1,1) = O; 

o/.。calculof the current vector 

w = rea2cur(x); 

67 



% main loop steepest gradient algorithm 

for n=1:N 

tmp = Xin(:, ((n-1)*P*M+1) :n*P*M); 

ref= r(((n-1)*P*M+1):n*P*M); 

nse = noise(((n-1)*P*M+1) :Il*P*M); 

% measure y(n) = Wnc~H * Xin + noise 

y=w.'*tmp (: , 1: P) +nse (1: P) ; 

% cost function calculate 

switch CostFuncType 

case'rho' 

cost_func (n) = abs (ref (1: P) *Y') / (sqrt (ref (1: P) *ref (1: P)') *sqrt (y*y')); 

costO = cost_func(n) *ones (1, M) ; 

case'power' 

cost_func(n) = (y*y')/P; 

costO = cost_func (n) *ones (1, M) ; 

case'power inverse' 

cost_func(n) = P/(y*y'); 

costO = cost_func(n)*ones(1,M); 

case'1-rho2' 

val = abs(ref(1:P)*y')/(sqrt(y*y')*sqrt(ref(1:P)*ref(1:P)')); 

cost_func(n) = 1.0-va1*val; 

%cost_func (n) = 1 -abs (ref (1: P) *Y')~2; ((y*y') * (ref (1: P) *ref (1: P)')) ; 

costO = cost_func (n) *ones (1, M) ; 

otherwise 

error('bad cost function type'); 

return; 

end 

cost0(1) = 0.0; 

% inner loop, M blocs calcul 

for i=2:M 

/c。Xm=Xm+deltaXm

dx = x+deltax(:, i); 

for p=2:M 

if dx(p) > Zrange(2) 
dx(p) = Zrange(2); 
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end 

end 

end 

if dx(p) < Zrange(1) 
dx(p) = Zrange(1); 

end 

wI = rea2cur(dx); 

tmpI = tmp(: ,(i-l)*P+l:i*P); 

refI = ref(:,(i-l)*P+l:i*P); 

nseI = nse(:,(i-l)*P+l:i*P); 

yl(i, :) = wl.'*tmpI+nseI; 

switch CostFuncType 

case'rho' 

end 

cost(i) = abs(refl*yl(i, :)')/(sqrt(yI(i, :)*yl(i,:)')*sqrt(refI*refI')); 
case'power' 

cost(i) = (yI(i,:)*yICi,:)')/P; 
case'power inverse' 

cost(i) = P/(yI(i,:)*yI(i,:)'); 
case'1-rho2' 

val = abs (refI*yI (i,:)')/(sqrt (yI (i, :) *YI (i, :)') *sqrt (refI*refI')); 

cost(i) = 1.0-va1*val; 

%cost(i) = 1 -abs(refl*yl(i, :)')-2/((yl(i, :)*yI(i, :)')*(refI*refI')); 

otherwise 

error('bad cost function type'); 

return; 

／゚。gradientnormalize 

'1c。 x= x + (mu/norm(cost-cost0,2))*(cost-cost0).'; 

% not normalize 

x = x + mu*(cost-costO) .'; 

x(1) = xO; 

for i=2:M 

if x(i) > Zrange(2) 
x(i) = Zrange(2); 

end 
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end 

end 

if x(i) < Zrange(1) 
x(i) = Zrange(1); 

end 

w=rea2cur(x); 
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rea2cur.1n 

progra1n na1ne : rea2cur.m 

path: source/matlab/reactance_control/rea2cur.m 

com1nents : Reactance to current 

function cur=rea2cur(rea) 

％ 

'1c。functioncur=rea2cur(rea) 

% Given reactance vector, calulate the current vector 

% 
o/。input: rea, reactance vector 

% output: cur, current vector 

o/。
% the follwing data is from Dr. T. 
%y00 = [0.00860035, -0.0315844] 

0んy10= [-0.00372642, 0.0072319] 

%y11 = [O. 00962295, -0. 01656835] 

%y21 = [-0.000377459, 0.0117867] 

%y31 = [0.00002720885, -0.0063736] 

%y41 = [0.001779525, 0.002208335] 

% set the admittances 
VS=100; 

m=7; 

Ohira 

中央素子入カアドミタンス

中央周辺結合アドミタンス

＿―-周辺素子入カアドミタンス

隣接素子結合アドミタンス

＿―-次隣接素子結合アドミタンス

対向素子結合アドミタンス

%y00 = 0.00860035-j*0.0315844; ゜←-中央素?q入カアドミタンス

yOO = 0.0008616-j*0.0120795; 

%y10 = -0.00372642+j*0.0072319; '/,。一―-中央？？〇結?KKAドミタンス

y10 = -0.0006963+j*0.0036462; 

%y11 = 0.00962295-j*0.01656835; % ---??□ 素?q入カアドミタンス

y11 = 0.0044216-j*0.0071600; 

%y21 = -0.000377459+j*0.0117867; %ー―-隣?U素?q結?KK.Aドミタンス

y21 = 0.0009721+j*0.0047851; 

%y31 = 0.00002720885-j*0.0063736; % ---?i弘(E?U素?q結?KKAドミタン

ス

y31 = -0.0005376-j*0.0011297; 

%y41 = 0.001779525+j*0.002208335; %ー―-対向素?q結?KKAドミタンス

y41 = 0.0001701-j*0.0002950; 

71 



% set the admittance matrix 

yy=[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]; 

% set the admittance vector 
yvector=[yOO y10 y10 y10 y10 y10 y10]; 

% calulate the current vector 
cur=VS*inv(eye(m)+j*YY*diag(rea))*yvector.'; 
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ESteer.n1 

program name : ESteer.m 

path: source/ matlab /reactance _ control/ESteer .m 

conunents: 

function steervector=ESteer(theta,M) 

/c。
%function ESteer(theta,M) 

% Forming a steer vector with respect to the DOA theta. 

'/4。input: theta, Doa of signal 

% m, number of elements of antenna 

% output: steer vector 

derad=pi/180.0; 

%ESPAR Antenna 

steervector(1)=1.0; 

for index=2:M 

steervector(index)=exp(j*pi/2.0*cos(theta*derad-(index-2)*(2*pi/(M-1)))); 

end 
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rad2deg.1n 

program name : rad2deg.m 

pa th: source/ matlab / reactance _ control/ rad2deg. m 

comments : Function to convert from radian to degree 

function ret=rad2deg(in_rad) 

'/4。convertradian angle to degree angle 

if in_deg >=O & in_deg <= (2*pi) 

ret = 360*(in_rad/(2*pi)); 

else 

disp('do not deal with values different from [0,2*pi]'); 

end 
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deg2rad.1n 

program name : deg2rad.m 

path: source/ ma tlab / reactance _ control/ deg2racl .m 

comments : Function to convert from degree to radian 

function ret=deg2rad(in_deg) 

'lc。convertdegree angle to radian angle 

if in_deg >=0 & in_deg <= 360 

ret = 2*pi*(in_deg/(360)); 

else if in_deg >=-180 & in_deg <O 

end 

ret = 2*pi*((in_deg+360)/360); 

else 

error ('only [-180, 0 [U [0, 360]') 

end 
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polar ploth.1n 

program name : polar_ploth.m 

path: source/matlab/reactance _ control/polar_ploth.m 

comments : Function to trace polar sector (Made by R. Schulb) 

function polar_ploth(theta, r, centre_value, flag, S, max_mag) 

'/,POLAR_PLOT polar plot of power values with centre value defined in 

orientation '/, typical H field . 

'I, 

'/,polar_plot(THETA, R, C, FIELD, flag, S, MAX_MAG) will plot the power values 

'/,defined by their angle THETA and magnitude Rina polar form around a centre value of 

'/,C. Sis the line format you wish to use and is the same as the formats for the 

%standard plot function 

'I,。
%MAX_MAG is the maximum magnitude of r that you want to set the axis to. 

'/,e.g. if you are plotting multile plots you will want to set the maximum r axis 

%to the maximum of all plots. If only plotting one plot then simply enter 

／゚。

% polar_ploth(THETA, R, CENTRE_VALUE, FLAG, S, max(r)) 

'I,。
%FLAG= 0 -Data plotted on new figure and polar axes drawn 

%FLAG= 1 -Data plotted on new figure without polar axes 

%FLAG= 2 -Data plotted on current figure and polar axes added 

'/,FLAG= 3 -Data plotted on current figure without adding polar axes 

／゚。

%Also, any modifications to the axis plotting/representation can be adjusted in the first 

%few lines of the polar_ploth function m file. The modifications are: Number of rings, 

%the angle were the dB markings are displayed, the number of angle marks (radial lines) 

%and axis color. 

% 
'/,The FLAG is useful for plotting multiple plots if you want to use a legend. For example, 

'/,to plot 3 plots with a legend of the graphs use the following FLAG order: 1, 3, 2. 

割 akesure the axis are plotted in the last trace so they will not appear in the'legend' 

%some setup parameters 

number_of_rings = 4; 

dB_mark_angle = 45; 

no_angle_marks = 12; 

line_color ='k'; 

%number of rings shown in plot 

%angle where the dB markings are 

%12 gives 30 degree spaceing 

%color of axis -k is black 
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%creat figure if necessary 

if flag == 0 I flag == 1 

figure 

end 

hold on 

%make sure input is not bogus 

if max_mag < centre_value 
text(-0.7*max_mag,0.1,'Centre value is larger than maximum input value'); 

break; 

end 

if max_mag == centre_value 

text(-0.7*max_mag,0.1,'Centre value is same as maximum input value'); 

break; 

end 

%nomalize max_mag to centre value 

max_mag = max_mag -centre_value; 

%%%%'le。%%%'le。゚ん゚か／。%%%'le。%%'le。%%%%%゚か／。'le。%%%'le。%゚／。'le。%%%'le。%%゚か／。%゚ん゚／。%%%'le。%'le。%%%%%%%%%%%゚ %'/4。%'le。%%%
%normalize the r input value. Shift all values up by the centre value 

%amount. If the CV is negative, then all values will be shifted up, 

%but if the CV is positive, then all values will be shifted down. 

r = r-centre_value; ・ 

for i = 1:1:length(r) 

end 

if rCi)<O 

r(i) = O; 

end 

if r(i) >rnax_rnag 

r(i) = rnax_rnag; 

end 

% % %。'/4。%%。'/4。%'/4。%%゚／。%。% %% % % ½。%%%。%% % % % %% ½。% '/4。% %'/4。%% % '/4。% % % % % % ½。%%%% %% %%% % ゚ん'/4。%'/4。'/。%%% %% % %% ½。

%Plot the values 

x = r.*cos(theta); 

y = r.*sin(theta); 

plot(x,y,S); 

o/。ifthe flag is set to plotting on current figure, then quit out 
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加ithoutdrawing axis and values 

if flag == 1 I flag == 3 

hold off; 

break; 

end 

%: ん゚／。゚／。%'l.。%1/c。%%'l.。%'/4。%%%%%'/4。%゚／。'/4。%'/4。%'/4。%'/4。%:ん゚／。%゚／。%゚／。'/4。%'/4。%'/4。%゚／，゚／。%%%%1/c。'/4。%'/4。%'/4。%1/c。1/c。%%%%%%1/c。%%。%%%1/c。

%Draw the polar axis 

%Draw the concentric circles 

phi= 0:0.01:2*pi; 

rings= max_mag; 

for i = 1:1:number_of_rings 

rings= [rings (number_of_rings-i)*max_mag/number_of_rings]; 

end 

for i = 1:1:length(rings) 

x = rings(i)*cos(phi); 

y = rings(i)*sin(phi); 

plot(x,y,strcat(':',line_color)) 

end 

%Draw the angle markers 

phi= (0:360/no_angle_marks:359)*pi/180; 

for i = 1:1:length(phi) 

x = max_mag*cos(phi(i)); 

y = max_mag*sin(phi(i)); 

plot ([O x] , [O y J , strcat (':', line_color)) 

end 

%Draw on text labeling the angles 

phi= 0:360/no_angle_marks:359; 

for i = 1:1:length(phi) 

end 

x = max_mag*1.15*cos(phi(i)*pi/180); 

y = max_mag*1.15*sin(phi(i)*pi/180); 

text(x,y,num2str(phi(i))) 

axis([-max_mag*1.2 max_mag*1.2 -max_mag*1.2 max_mag*1.2]) 

%Draw on the text labeling the magnitude 

angle_of_mark = dB_mark_angle*pi/180; 

for i = 1:1:length(rings) 

x = (rings(i)+0.05*max_mag)*cos(angle_of_mark); 
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end 

y = (rings(i)+0.05*max_mag)*sin(angle_of_mark); 

text(x,y,num2str(rings(i)+centre_value)) 

axis off 

hold off 
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APPENDIX B : DSP SOURCE 

CODES 

eddy.h 

program name : eddy.h 

path: source/dsp/src _modif/eddy.h 

con1ments : Header 

／＊ 

＊／ 

Some defines added by Taillefer Eddy in order to 

check the use of power and power inverse as 

cost function 

I* x(n+1) = x(n) +mu* CDST_FUNCTION *I 

#define POWER 1 I* for beam *I 

#define POWINV 2 /* for null *I 

#define POWMINUS 3 I* for null *I 

#define POWINVMINUS 4 /* for beam *I 

#define COST_FUNCTION POWER 

#define NORMALIZE 1 I* normalization of the cost function 

Jk = (Ek-EO)/sqrt(sum(Ei-EO,i=1:M)/M) 

0 -> normalize is not used 

1 -> normalize is used 

＊／ 

81 



#define NORM_VERSION 1 I* normalize version, 1-2 are possible values 

1-> Jk = (Ek-EO)/sqrt(sum(Ei,i=1:M)/M) 

2-> Jk = (Ek-EO)/sqrt(sum(Ei-EO,i=1:M)/M) 

keep to 1 

＊／ 

#define SHIFT_COEF 13 I* 13 -> 14 -> 0 -> 16 *I 

#define OFFSET_I (float)(-30.0) I* de offset in I channel *I 
#define OFFSET_Q (float) (10.0) I* de offset in Q channel *I 
／＊ 

＊／ 
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n1acro.h 

prograin name : macro.h 

path: source/dsp/src_modif/macro.h 

c01nments : Header 

struct IQ { 

float i; I* I-ch *I 

float q; I* Q-ch *I 

} ; 

/*extern float 

＊／ 

correlation(const struct IQ*, const struct IQ*); 
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ftutil.h 

program name : ftutil.h 

path: source/ dsp/src _ rnodif/ftutil.h 

comments : Header 

l*SDOC-------------------------------------------------------------------------

Spectrum Signal Processing Inc. Copyrigh,t1998 

$Workfile:: ftutil.h 

$Modtime:: 1/12/99 9:29p 

$Revision: : 5 

$Archive:: /MAC/dy62_152.v10/dev/test/hwtest/hpiread/ftutil.h 

$

＄

$

＄

 

Contents: 

This file contains several utility functions used in the FT example code. 

-------------------------------------------------------------------------EDDC*/ 

#ifndef SSP _FTUTIL_H 

# define SSP_FTUTIL_H 

#include "ftc6x.h" 

RESULT C6x_FTUTIL_FlashLed(UINT32 Led, UINT32 Duration); 

#define C6X_FLASHLED_OK (Ox00800000) 

#define C6X_FLASHLED_ERRDR (Ox00100000) 

RESULT C6x_FTUTIL_GetPCIDevNumber(UINT32 *SSRAM_DevNum_Reg); 

UINT32 C6x_FTUTIL_TimerStart(void); 

UINT32 C6x_FTUTIL_TimerRead(void); 

#endif 

/ * End of $Workfile: : ftutil. h ＄
 ******************************************************************************! 
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con1n1and.h 

program name : cornmand.h 

path: source/clsp/src_modif/command.h 

con1ments : Header 

#include "ftc6x.h" 

struct IQ { 

float i; I* I-ch *I 
float q; I* Q-ch *I 
}; 

#define CMD_DSP_INIT OxOO 

#define CMD_DSP_START Ox10 

#define CMD_DSP_STOP Ox18 

#define CMD_DSP_RESUME Ox20 

#define CMD_DSP_POSE Ox28 

#define CMD_VALID Ox80 

#define CMD_INIT_RES Ox80000000 

#define CMD_DATA_SEND Ox80000010 

#define C6X_DMA_FLAGS Ox01000050 

#define C6X_DMA_PEM_FLAGS Ox01000040 

typedef struct tagCMD_FORMAT{ 

UINT32 cmdFlag; 

UINT32 cmdid; 

UINT32 cmdWords; 

UINT32 cmdData[4]; 

} CMD_FORMAT; 

typedef struct tagCMD_FORMAT_SEND{ 

UINT32 cmdFlag; 

UINT32 cmdid; 

UINT32 cmdWords; 

UINT32 cmdData [1] ; 

} CMD_FORMAT_SEND; 
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typedef struct tagINIT_PARAM{ 

UINT32 savedData; 

UINT32 sample; 

UINT32 updateCount; 

float step; 

INT32 DeltaX; 

I* UINT32 DeltaX; *I 
UINT32 element; 

UINT32 guardTirne; 

UINT32 daSetup; 

INT32 voltage[8]; 

} INIT_PARAM; 

typedef struct tagMEASURED_DATA{ 

UINT32 frame No; 

UINT32 elementNo; 

UINT32 coeffid; 

UINT32 coeffWords; 

float coeffData; 

UINT32 voltid; 

UINT32 voltWords; 

INT32 voltData[8]; 

UINT32 inputid; 

UINT32 inputWords; 

INT32 inputData[2]; 

} MEASURED_DATA; 
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esppem.h 

progra1n na1ne : esppem.h 

path: source/dsp/src_modif/esppem.h 

con1111ents : Header 

#define PEM_FIFO_RESET ((volatile UINT32 *)Ox03000000) I* Reset FIFO 

＊／ 

#define PEM_FIFO_START ((volatile UINT32 *)Ox03000004) I* Start FIFO 

＊／ 

#define PEM_FIFO_ENABLE ((volatile UINT32 *)Ox03000008) I* Enable FIFO 

＊／ 

#define PEM_STATUS ((volatile UINT32 *)Ox0300000c) I* Status(Sampling, Calculation, 

DA Setup) *I 

#define PEM_PARAM_SAMPLE ((volatile UINT32 *)Ox03000010) I* Sample Count 

＊／ 

#define PEM_PARAM_GUARD ((volatile UINT32 *)Ox03000014) I* Guard Time 

＊／ 

#define PEM_PARAM_SETUP ((volatile UINT32 *)Ox03000018) I* DA Setup Time 

＊／ 

#define PEM_COUNT ((volatile UINT32 *)Ox0300001c) I* 2MHz Counter *I 

#define PEM_AD_READ ((volatile UINT32 *)Ox03040000) I* AD Read Command 

＊／ 

#define PEM_REF_READ ((volatile UINT32 *)Ox03080000) I* Reference Read Command 

＊／ 

!******* DIA Output Register (Lower 8 bit is valid.) *******! 

#define PEM_DA1_LOW ((volatile UINT32 *)Ox030c0000) I* DA Channel 1 Lower 8 bit 

＊／ 

#define PEM_DA1_HIGH ((volatile UINT32 *)Ox030c0004) I* DA Channel 1 Higher 8 bit 

＊／ 

#define PEM_DA2_LOW ((volatile UINT32 *)Ox030c0008) I* DA Channel 2 Lower 8 bit 

＊／ 

#define PEM_DA2_HIGH ((volatile UINT32 *)Ox030c000c) /* DA Channel 2 Higher 8 bit 

＊／ 

#define PEM_DA3_LOW ((volatile UINT32 *)Ox03100000) I* DA Channel 3 Lower 8 bit 

＊／ 

#define PEM_DA3_HIGH ((volatile UINT32 *)Ox03100004) I* DA Channel 3 Higher 8 bit 

＊／ 

#define PEM_DA4_LOW ((volatile UINT32 *)Ox03100008) I* DA Channel 4 Lower 8 bit 

＊／ 
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#define PEM_DA4_HIGH ((volatile UINT32 *)Ox0310000c) I* DA Channel 4 Higher 8 bit 

＊／ 

#define PEM_DA5_LOW ((volatile UINT32 *)Ox03140000) I* DA Channel 5 Lower 8 bit 

＊／ 

#define PEM_DA5_HIGH ((volatile UINT32 *)Ox03140004) I* DA Channel 5 Higher 8 bit 

＊／ 

#define PEM_DA6_LOW ((volatile UINT32 *)Ox03140008) I* DA Channel 6 Lower 8 bit 

＊／ 

#define PEM_DA6_HIGH ((volatile UINT32 *)Ox0314000c) I* DA Channel 6 Higher 8 bit 

＊／ 

#define PEM_DA7_LOW ((volatile UINT32 *)Ox03180000) I* DA Channel 7 Lower 8 bit 

＊／ 

#define PEM_DA7_HIGH ((volatile UINT32 *)Ox03180004) /* DA Channel 7 Higher・s bit 

＊／ 

#define PEM_DA8_LOW ((volatile UINT32 *)Ox03180008) I* DA Channel 8 Lower 8 bit 

＊／ 

#define PEM_DA8_HIGH ((volatile UINT32 *)Ox0318000c) I* DA Channel 8 Higher 8 bit 

＊／ 

#define PEM_DA_OUTPUT ((volatile UINT32 *)Ox031c0000) I* DA Output Command 

＊／ 

#define PEM_CLEAR ((volatile UINT32 *)Ox031c0008) I* DA Output Command 

＊／ 
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． 
n1a111.c 

program na111e : mam.c 

path: source/dsp/src_modif/main.c 

co1n111ents : 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／ 

／＊ 

／＊ 

／＊ 

エスパアンテナ制御装置 ＊／ 

／

／

 

＊

＊

 

!****************************************************************************! 

!****************************************************************************! 
／＊ 

／＊ 

／＊ 

／＊内容 ： メインモジュール

／＊ 

DSPプログラム

!****************************************************************************! 

#include "ftc6x.h" I* DSPボード用ヘッダ＊／

#include "co皿nand.h"I*エスパアンテナ DSPプログラム用ヘ ッダ ＊／

#include "esppem.h" I* AID DIAボード IIF用ヘッダ＊／

#include "mathf.h" 

#include "eddy.h" 

#define STAT_IDLE O I* アイドル状態＊／

#define STAT_READY 1 /*計測開始待ち状態＊／

#define STAT_START 2 I*計測中＊／

#define VOLT_MAX 2047 

#define VOLT_MIN -2048 

I* maximun voltage *I 

＊／ 

volatile CMD_FORMAT *crndToDsp; f* HOSTから DSPへのコマンド＊／

volatile CMD_FORMAT *crndToHost; f* DSPから HOSTへのコマンド＊／

UINT32 pciHostMernAddr; I* HOSTバッファの PCI物理アドレス＊／

UINT32 pciHostMernSize; f* HOSTバ ッファのサイス＊／

INIT PARAM 
se11、rら。一

_ param; I*政疋ハフメータフォーマット＊／

MEASURED_DATA *sendMeasure; I*データ転送コマンドフォーマット＊／

UINT32 fifoDetected; 

＊／ 

＊／ 

＊／ 

＊／ 
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UINT32 poseFlag; I*一時停止フラグ＊／

extern void Initialize(void); I*初期化＊／

extern void LoadParam(void); I*パラメータ設定＊／

extern void OutputVoltage(void);/*制御電圧初期設定＊／

extern void DAOutput(int []); I*制御電圧設定＊／

extern void DAsend(int []); I*制御電圧データ転送＊／

extern void Response(RESULT); I*初期化終了コマンド＊／

extern float Measure (int , int); 

void interrupt IntPem(); 

main() 

｛ 

RESULT rv; I* DSPボードサポートライブラリの返り値＊／

UINT32 status= STAT_IDLE; I* DSPステート＊／

UINT32 *read= (UINT32 *)Ox80008000; 

int m, n, k; 

int i; 

float corr[9]; I*相関係数＊／

float DeltaRho[9]; 

#if (NORMALIZE== 1) 

float ValueTmp = 0; 

float Di vCoef = 0; 

#endif 

int Xn[9]; I*制御電圧＊／

I* int Xtmp; *I 

int mem; I*摂動前の制御電圧＊／

m = O; I*エレメント数初期化＊／

n = 1; / *フレーム数初期化＊／

fifoDetected = FALSE; 

poseFlag = FALSE; 

for(k = O; k < 9; k++) { 

DeltaRho [k] = 0; 

｝ 

I******* Daytonaの初期化＊＊＊＊＊＊＊／

I* C6201を初期化＊／
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rv = C6x_OpenC6x(NO_FLAGS); 

while(rv != O); 

I* Hurricaneを初期化＊／

rv = C6x_OpenHurricane(NO_FLAGS); 

while(rv != 0); 

I* PEMのアク セスタイ ミングを設定＊／

*C6X_EMIF_CE3CR_PTR = FT_EMIF_CE3_REG_VAL; 

I* DSPへの コマンド を受けるア ドレスを設定 ＊／

cmdToDsp = (CMD_FORMAT *)Ox00400000; 

I* HOSTへのコマ ンドを受けるア ドレスを設定 ＊／

cmdToHost = (CMD_FORMAT *)Ox00410000; 

／＊＊＊＊＊＊＊コマンド検出＊＊＊＊＊＊＊／

while (1){ 

／＊コマ ンド検出＊／

if(CMD_VALID == cmdToDsp->cmdFlag){ 

／＊状態遷移＊／

switch (status){ 

／＊初期化待ち＊／

case STAT_IDLE: 

／＊初期化コマ ンド検出＊／

if(CMD_DSP_INIT == cmdToDsp->cmdid){ 

status = STAT_READY; I* ; 伏態→ 計測開始待ち＊／

Initialize(); I*初期化＊／

LoadParamO; / *パラ メータをロード＊／

DataSend(); I* データSSRAM書き込み＊／

for(k = O; k < 8; k++) { 

Xn[k]= O; 

｝ 

for(k = O; k < param.element; k++) { 

Xn [k] = par am. voltage [k] ; 

｝ 

Output Voltage(); / *制御電圧を DACに出力＊／

Response(rv); I*初期化完了を Hostに応答＊／

｝ 
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，
 ＇ 
、9

break; 

／＊計測開始待ち＊／

case STAT_READY: 

／＊初期化コマンド検出＊／

if(CMD_DSP_INIT == cmdToDsp->cmdid){ 

Initialize(); I*初期化＊／

LoadParam(); / *パラメータをロード＊／

DataSend(); I*データ転送＊／

for(k = O; k < param.element; k++) { 

Xn [k] = par am. voltage [k] ; 

｝ 

DutputVoltage (); I*制御電圧を DACに出力＊／

Response(rv); I*初期化完了を Hostに応答＊／

｝ 

／＊計測開始コマンド検出＊／

else if(CMD_DSP_START == cmdToDsp->cmdid){ 

status= STAT_START; I*状態→ 計測中＊／

StartMeasure O; /*計測開始指令＊／

m = O; I*エレメント数初期化＊／

n = 1; I* フレーム数初期化＊／

｝ 

break; 

／＊計測中＊／

case STAT_START: 

／＊計測停止コマンド検出＊／

if(CMD_DSP_STDP == cmdToDsp->cmdid){ 

status= STAT_READY; /*状態→ 計測開始待ち＊／

StopMeasure (); / *計測停止指令＊／

｝ 

／＊計測一時停止コマンド検出＊／

else if(CMD_DSP_POSE == cmdToDsp->cmdid && !poseFlag){ 

/ *PoseMeasure (); *I I*計測一時停止指令＊／

poseFlag = TRUE; I*一時停止フラグをセット＊／

｝ 

／＊計測再開コマンド検出＊／

else if(CMD_DSP_RESUME ==: cmdToDsp->cmdid && poseFlag){ 

/ *ResumeMeasure (); *I I*計測再開指令＊／
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poseFlag = FALSE; I*一時停止フ ラグを リセ ット＊／

｝ 

break; 

／＊状態不定＊／

default: 

status= STAT_IDLE; I*状態→ 初期化待ち＊／

break; 

｝ 

／＊コマンド無効＊／

crndToDsp->crndFlag = O; 

｝ 

I* FIFOからの割り込み検出、および計測中状態＊／

if (fifoDetected && (STAT _START == status)){ 

if (Il == 1 && Ill == 0){ 

for(i = O; iく 2; i++) { 

*read= *PEM_AD_READ; 

｝ 

*PEM_PARAM_SAMPLE = param.sample -1; f*サンプル数設定 ＊／

｝ 

if (n <= par am. updateCount){ 

if(m < param.element){ 

if(m != 0) { 

Xn[m-1] = mem; I*摂動前の制御電圧に戻す ＊／

｝ 

DAsend(Xn); I*制御電圧を SSRAMに出力 ＊／

corr[m] = Measure(n, m); I*相関係数演算 ＊／

mem = Xn[m]; I*摂動前制御電圧保存＊／

Xn [m] = par am. DeltaX + Xn [m] ; / *摂動 ＊／

I* if (Xtmp > VOLT_MAX) 

Xn[m] = param.DeltaX -Xn[m]; 

else 

Xn [m] = Xtmp; *I 

DAOutput(Xn); I*制御電圧を DACに出力 ＊／

m++; I*エレメン ト数インクリメン ト ＊／
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｝ 

else { 

Xn[m-1] = mem; I*摂動前の制御電圧に戻す＊／

DAsend(Xn); I*制御電圧を SSRAMに出力＊／

corr[m] = Measure(n, m); I*相関係数演算＊／

I*-------------------------------------------------------------*I 

#if (NORMALIZE== 1) 

ValueTmp = O; 

for (k = 1;k <= param.element; k++) { 

／＊相関係数差分の算出＊／

DeltaRho[k] = corr[k] -corr[O]; 

／＊制御電圧の更新＊／

#if (NORM_VERSION == 1) 

I* first version *I 

ValueTmp = ValueTmp + corr[k]*corr[k]; 

#elif (NORM_VERSION == 2) 

I* second version *I 

ValueTmp = ValueTmp + DeltaRho[k]*DeltaRho[k]; 

#else 

I* default version *I 

ValueTmp = ValueTmp + corr[k]*corr[k]; 

#endif 

｝ 

DivCoef = sqrtf(ValueTmp/((float)param.element)); 

for (k = 1;k <= param.element; k++) { 

#if((COST_FUNCTION == POWMINUS) I I (COST_FUNCTION == POWINVMINUS)) 
Xn[k-1] = Xn[k-1] -(int) (param.step * (DeltaRho[k]/DivCoef)); 

#else 

Xn[k-1] = Xn[k-1] + (int)(param.step * (DeltaRho[k]/DivCoef)); 

#endif 

｝ 

I*-------------------------------------------------------------*I 

#else 

for(k = 1; k <= param.elernent; k++) { 

／＊相関係数差分の算出＊／

Del taRho [k] = corr [k] -corr [OJ ; 

／＊制御電圧の更新＊／
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#if ((COST_FUNCTION == PDWMINUS) 11 (COST_FUNCTIDN == PDWINVMINUS)) 

Xn[k-1] = Xn[k-1] -(int)(param.step * DeltaRho[k]); 

#else 

Xn[k-1] = Xn[k-1] + (int)(param.step * DeltaRho[k]); 

#endif 

｝ 

#endif 

I*-------------------------------------------------------------*I 

for (k = O; k <= param.element; k++) { 

if (Xn [k] > VOLT _MAX) 
Xn[k] = VOLT_MAX; 

else if (Xn[k] < VOLT_MIN) 
Xn[k] = VOLT_MIN; 

｝ 

DAOutput(Xn); I*制御電圧を DACに出力＊／

n++; I* フレーム数インクリメント＊／

m = O; I*エレメント数リセット＊／

｝ 

｝ 

／＊計測完了＊／

if(n == (param.updateCount + 1)){ 

status = STAT_READY; I* ;j犬態→ 計測開始待ち＊／

n = O; I* フレーム数リセット＊／

*PEM_FIFO_START = OxOO; I* A/DD/Aボードの FIFOデータ取り込み停止＊／

for(i = O; iく 2; i++); 

｝ 

fifoDetected = FALSE; 

｝ 

｝ 

｝ 

void interrupt IntPem() 

｛ 

while((*PEM_STATUS & Ox3) ==== Ox01); 

fifoDetected = TRUE; 

｝
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measure.c 

progra1n na1ne : measure.c 

path: source/dsp/src_modif/measure.c 

co1nn1ents : 

!**************************************************************************** ／ 

／＊ 

／＊ 

／＊ 

エスパアンテナ制御装置

＊／ 

＊／ 

＊／ 

!****************************************************************************! 

!****************************************************************************! 
I* *I 
／＊ DSPフログラム ＊／ 

I* *I 
／＊内容 ： 相関係数演算モジュール ＊／ 

I* *I 

!****************************************************************************! 

#include "ftc6x.h" 
#include "command.h" 
#include "esppem.h" 
#include "eddy.h" 
#include <mathf.h> 

struct IQ 
struct IQ 

y_data[1024]; I* data *I 
r_data[1024]; I* data *I 

extern CMD_FORMAT *cmdToHost; 
extern INIT_PARAM param; 

extern UINT32 pciHostMemAddr; 

extern MEASURED_DATA *sendMeasure; 

extern UINT32 poseFlag; I*一時停止フラグ＊／

int buffer_y[1024]; 

int buffer_r[1024]; 

#define MAX_INTERNAL_BUF 1024 

struct { 
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unsigned int input_data 

} flag; 

1; 

float Measure(int n, int m) 

｛ 

int i; 

int p; 

float mecorr = O; 

RESULT rv; 

UINT32 *cmdBufY; 

UINT32 *cmdBufR; 

UINT32 length= param.sample; 

UINT32 datalen = param.sample; 

UINT32 DataLength; 

float a = 0; 

float b = O; 

I* float c = O; 

float d = O; 

*I float y = O; 

float z = O; 

I* float x = O; 

＊／ 

float sqrt_x; 

float sqrt_y; 

float sqrt_z; 

#if((COST_FUNCTION == POWINV) I I (COST_FUNCTION == POWINVMINUS)) 
float intermd; I* for use of power inverse *I 

#endif 

sendMeasure = (MEASURED_DATA *)&cmdToHost->cmdData[1]; 

cmdBufY = (UINT32 *)sendMeasure->inputData; I* SSRAMのポインタ＊／

cmdBufR = (UINT32 *)&sendMeasure->inputData[param.sample]; I* SSRAM 

のポインタ＊／

flag. input_data = (par am. savedData & Ox04)≫2; 

if(flag.input_data == 1) { 

Dat aLength = par am. sample * 2 + 2; 

｝ 

else if (flag. input_data == 0) { 
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DataLength = 0; 

｝ 

sendMeasure->frameNo = n; I* フレーム No. *I 

sendMeasure->elementNo = m; I*エレメント No. *I 

I* only y measurement *I 

while(MAX_INTERNAL_BUF < length){ 
I* PEM(SDRAM)から内部 RAMヘデータを転送 ＊／ 

rv = C6x_SetUpC6xDma((UINT32 *)buffer_y, (UINT32 *)PEM_AD_READ, MAX_INTERNAL_BUF, 

C6X_DMA_PEM_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

／＊内部 RAMから SSRAMヘデータを転送＊／

rv = C6x_SetUpC6xDma(cmdBufY, (UINT32 *)buffer_y, MAX_INTERNAL_BUF, 

C6X_DMA_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

I* PEM(SDRAM)から内部 RAMヘデータを転送 ＊／ 

/* rv = C6x_SetUpC6xDma((UINT32 *)buffer_r, (UINT32 *)PEM_REF_READ, MAX_INTERNAL_BUF, 

C6X_DMA_PEM_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

＊／／＊内部 RAMから SSRAMヘデータを転送＊／

/* rv = C6x_SetUpC6xDma(cmdBufR, (UINT32 *)buffer_r, MAX_INTERNAL_BUF, 

C6X_DMA_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

＊／ 

I* SSRAMのバッファポインタを更新＊／

cmdBufY += MAX_INTERNAL_BUF; 

cmdBufR += MAX_INTERNAL_BUF; 

／＊データ長を更新＊／

length-= MAX_INTERNAL_BUF; 

for (i = 0; i < MAX_INTERNAL_BUF; i ++){ 

y_data[i] .q = -((float)((buffer_y[i] & Oxffff)≫4) -2048) -OFFSET_I; 

y_data[i] .i = -((float)((buffer_y[i] & OxfffOOOOO)≫20) -2048) -OFFSET_Q; 

I* r_data[i] .q = (float)((buffer_r[i] & Oxffff)≫4); 

r_data[i] .i = (float)(buffer_r[i]≫20); 

＊／ 
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｝
 

for (p = O; p < MAX_INTERNAL_BUF; p++){ 

a+= (y_data[p] .i * y_data[p] .i + y_data[p] .q * y_data[p] .q); 

I* b += (y_data[p] .i * r_data[p] .q -y_data[p] .q * r_data[p] .i); *I 

I* y += (y_data[p] .i * y_data[p] .i + y_data[p] .q * y_data[p] .q); . *I 

I* z += (r_data[p].i * r_data[p].i + r_data[p].q * r_data[p].q); *I 

｝

｝

 

if (length > O){ 

I* PEM(SDRAM)から内部 RAMヘデータを転送＊／

rv = C6x_SetUpC6xDma((UINT32 *)buffer_y, (UINT32 *)PEM_AD_READ, length, 

C6X_DMA_PEM_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

／＊内部 RAMから SSRAMヘデータを転送＊／

rv = C6x_SetUpC6xDma(cmdBufY, (UINT32 *)buffer_y, length, 

C6X_DMA_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

I* PEM(SDRAM)から内部 RAMヘデータを転送＊／

/* rv = C6x_SetUpC6xDma((UINT32 *)buffer_r, (UINT32 *)PEM_REF_READ, 

length, C6X_DMA_PEM_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

＊／／＊内部 RAMから SSRAMヘデータを転送＊／

I* rv = C6x_SetUpC6xDma(cmdBufR, (UINT32 *)buffer_r, 

length, C6X_DMA_FLAGS); 

while(*C6X_DMA_CHO_PRIMCR_PTR & C6X_DMA_CH_PRIMCR_STATUS_MASK); 

＊／ 

｝ 

for(i = O; i < length; i++){ 

y_data[i] .q = -((float) ((buffer_y[i] & Oxffff)≫4) -2048) -OFFSET_I; 

y_data[i] .i = -((float)((buffer_y[i] & OxfffOOOOO)≫20) -2048) -OFFSET_Q; 

I* r_data[i] .q = (float)((buffer_r[i] & Oxffff)≫4); 

r _data [i] . i = (float) (buffer _r [i]≫20); 

＊／ 

｝ 
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for (p = 0; p < length; p++){ 

a+= (y_data[p] .i * y_data[p] .i + y:_data[p] .q * y_data[p] .q); 

I* b += (y _data [p] . i * r _data [p] . q -y _data [p] . q * r _data [p] . i); *I 

I* y += (y_data[p].i * y_data[p].i + y_data[p].q * y_data[p].q); *I 

I* z += (r_data[p].i * r_data[p].i + r_data[p].q * r_data[p].q); *I 

｝
 

／＊ 

c =a* a; 

d = b * b; 
X = C + d; 

sqrt_x = sqrtf(x) / param.sample; 

sqrt_y = sqrtf (y / param. sample); 

sqrt_z = sqrtf(z / param.sample); 

sqrt_x = sqrtf((a * a) + (b * b)) / datalen; 

sqrt_y = sqrtf(y / datalen); 

sqrt_z = sqrtf(z / datalen); 

mecorr = (sqrt_x / (sqrt_y * sqrt_z)); 

＊／ 

#if((COST_FUNCTION == POWINV) I I (COST_FUNCTION == POWINVMINUS)) 
I* use of power inverse *I 

intermd = a/ ((float) (1≪SHIFT _COEF)) ; 

mecorr = param.sample/intermd; 

#elif ((COST_FUNCTION == POWER) I I (COST_FUNCTION == POWMINUS)) 
me corr = a/ ((float) (param. sample≪SHIFT_COEF)); 

I* by default use of power *I 

#else 

mecorr = a/((float) (param.sample≪SHIFT_COEF)); 

#endif 

sendMeasure->coeffData = mecorr; 

cmdToHost->cmdFlag = OxOO; 

cmdToHost->cmdid = CMD_DATA_SEND; 
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cmdToHost->cmdWords = DataLength + 16; 
cmdToHost->cmdData[O] = OxO; 

rv = C6x_SetUpHurricaneDma( 

(UINT32 *)pciHostMemAddr, 

(UINT32 *)((UINT32)cmdToHost & Ox003fffff), 

DataLength + 4・+ 16, 

FT_C6X_SETUPHURCDMA_DIR_LOC_TO_PCI 

I FT_C6X_SETUPHURCDMA_PCI_MEM_CYCLE 
I FT_C6X_SETUPHURCDMA_BLOCK_UNTIL_DONE); 

cmdToHost->cmdFlag = CMD_VALID; 

while (poseFlag == TRUE) ; 

rv = C6x_SetUpHurricaneDma( 

(UINT32 *)pciHostMemAddr, 

(UINT32 *)((UINT32)cmdToHost & Ox003fffff), 

1 

FT_C6X_SETUPHURCDMA_DIR_LOC_TO_PCI 

I FT_C6X_SETUPHURCDMA_PCI_MEM_CYCLE 
I FT_C6X_SETUPHURCDMA_BLOCK_UNTIL_DONE); 

return(mecorr); 

｝
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outputvoltage.c 

program name : outputvolta.ge.c 

path: source/dsp/src_modif/o叫）utvolta.ge.c 

comn1ents : 

!****************************************************************************! 
I* *I 
／＊ エスパアンテナ制御装置 ＊／ 

I* *I 

!****************************************************************************! 

!****************************************************************************! 
I* *I 
I* DSPプログラム ＊／ 

I* *I 
／＊内容 ： 制御電圧設定モジュール ＊／ 

I* *I 

!****************************************************************************! 

#include "ftc6x.h" 
#include "command.h" 
#include "esppem.h" 

#define WAIT_COUNT 1000 

extern INIT_PARAM param; 

void OutputVoltage(void) 

｛ 

INT32 *voltage= param.voltage; 
UINT32 output; 
UINT32 i; 

output= voltage[O] + 2048; 
*PEM_DA2_LOW = output; 
*PEM_DA2_HIGH = (output≫8); 

output= voltage[1] + 2048; 
*PEM_DA1_HIGH =(output≫8); 
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*PEM_DALLDW = output; 

output== voltage[2] + 2048; 

*PEM_DA3_LOW == output; 

*PEM_DA3_HIGH ==(output≫8); 

output= voltage[3] + 2048; 

*PEM_DA4_LOW = output; 

*PEM_DA4_HIGH =(output≫8); 

output= voltage[4] + 2048; 

*PEM_DA5_LOW = output; 

*PEM_DA5_HIGH =(output≫8); 

output= voltage[5] + 2048; 

*PEM_DA6_LOW = output; 

*PEM_DA6_HIGH =(output≫8); 

I* output= voltage[6] + 2048;*/ I* 2001。06.21*I 

*PEM_DA7_LOW = output; 

*PEM_DA7_HIGH =(output≫8); 

I* output = voltage [7] + 2048; *I I* 2001.06.21 *I 

*PEM_DA8_LOW = output; 

*PEM_DA8_HIGH =(output≫8); 

*PEM_DA_OUTPUT = OxO; 

for(i = O; i < WAIT_COUNT; i++); 

｝ 
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posemeasure.c 

program nan1e : posemeasure.c 

path: source/ dsp/src _modif/posemeasure.c 

co1n1nents : 

!****************************************************************************! 
I* *I 
／＊ エスパアンテナ制御装置 ＊／ 

I* *I 
／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／ 

!****************************************************************************! 
／＊ 

／＊ DSPフログラム

／＊ 

／＊内容 ：計測再開／一時停止モジュール

／＊ 

＊／ 

＊／ 

＊／ 

＊／ 

＊／ 

!****************************************************************************! 

#include "ftc6x.h" 
#include "esppem.h" I* AID DIAボード IIF用ヘッダ＊／

void PoseMeasure(void) 
｛ 

I* RESULT rv; 
rv = C6x_Contro1DisableC6xint(C6201_IxR_EXT_INT5); 
while(rv != O); 
＊／ 

inti・ 

*PEM_FIFO_START = OxOO; 
for(i = 0; iく 2;i++); 

｝
 

void ResumeMeasure(void) 

｛ 

I* RESULT rv; 
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rv = C6x_ControlEnableC6xint(C6201_IxR_EXT_INT5); 

while(rv != 0); 

＊／ 

int i・ 

*PEM_FIFO_START = Ox01; 

for(i = O; iく 2; i++); 

｝
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initialize. c 

program name : initialize.c 

pa th: source/ dsp / src _ mod if/initialize. c 

comments: 

!****************************************************************************! 
I* . *I 
／＊ エスパアンテナ制御装置 ＊／ 

I* *I 

!****************************************************************************! 

!****************************************************************************! 
／ ＊ ＊／  

／＊ DSPフログラム ＊／ 

／ ＊ ＊／  

／＊内容 ： 初期化、パラメータ設定モジュール ＊／ 

I* *I 

!****************************************************************************! 

#include "ftc6x.h" 

#include "co皿nand.h"

#include "esppem.h" 

extern CMD_FORMAT *cmdToDsp; 

extern UINT32 pciHostMemAddr; 

extern UINT32 pciHostMemSize; 

extern INIT_PARAM param; 

void Initialize() 

｛ 

int i; 

*PEM_FIFO_RESET = Ox01; I* FIFOリセット＊／

for(i = O; iく 200; i++); 

｝
 

void LoadParam (void) 

｛ 
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pciHostMemAddr = cmdToDsp->cmdData[O]; f* PCI物理アドレス設定＊／

pciHostMemSize = cmdToDsp->cmdData[l]; I* PCIメモリサイズ設定＊／

par am = * ((INIT _PARAM *) &crndToDsp->cmdData [2]); / *各パラメータ設定＊／

I* PEMの初期化＊／

*PEM_PARAM_GUARD = param.guardTirne -1; f* ガードタイム設定＊／

*PEM_PARAM_SETUP = param.daSetup -1; f* DIA Setup タイム設定＊／

｝
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response.c 

program naine : response.c 

path: source/dsp/src_modif/response.c 

comments: 

I****.************************************************************************ I 
I* *I 
／＊ エスパアンテナ制御装置 ＊／ 

I* *I 

!****************************************************************************! 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／ 

／ ＊＊／  

／＊ DSPフログラム ＊／ 

I* *I 
／＊内容 ： 初期化に対する応答コマンド送信モジュール

／＊ 

＊／ 

＊／ 

!****************************************************************************! 

#include 11command.h11 

#include 11ftc6x.h11 

extern CMD_FORMAT *cmdToHost; 

extern UINT32 pciHostMemAddr; 

void Response(RESULT Status) 

｛ 

RESULT rv; 

cmdToHost->cmdFlag 

cmdToHost->cmdid 

= CMD_VALID; 

= CMD_INIT_RES; 

cmdToHost->cmdWords = 1; 

cmdToHost->cmdData[O] = Status; 

I* HOSTへの応答コマンドを DMA転送する＊／

rv = C6x_SetUpHurricaneDrna( 

(UINT32 *)pciHostMernAddr, I* PCI物理アドレス＊／

(UINT32 *)((UINT32)crndToHost & Ox003fffff), I* SSRAMのローカルアド

レス＊／
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4,/*転送ワード数＊／

FT_C6X_SETUPHURCDMA_DIR_LOC_TO_PCI f*転送方向 DSPto HOST *I 
I FT_C6X_SETUPHURCDMA_PCI_MEM_CYCLE f*サイクルタイプ＊／

I FT_C6X_SETUPHURCDMA_BLOCK_UNTIL_DONE); I* DMA転送が完了するまで

WAITする＊／

while(rv != O); 

｝
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startmeasure.c 

program name : startmeasure.c 

path: source/dsp/src_modif/startmeasure.c 

co1nn1ents : 

!****************************************************************************! 
／＊＊／  

／＊ エスパアンテナ制御装置 ＊／ 

／ ＊＊／  

!****************************************************************************! 

!************************************************************************主＊＊＊／

／ ＊＊／  

／＊ DSPフログラム ＊／ 

／ ＊ ＊／  

／＊内容 ：計測開始モジュール ＊／ 

I* *I 

!****************************************************************************! 

#include "ftc6x.h" 

#include "comrnand.h" 

#include "esppem.h" 

extern CMD_FORMAT *cmdToDsp; 

extern INIT_PARAM param; 

void StartMeasure(void) 

｛ 

RESULT rv; I* DSPボードサポートライブラリの返り値＊／

int i; 

param = *((INIT_PARAM *)&cmdToDsp->cmdData[2]); I*各パラメータ設定＊／

I* FIFOリセット＊／

*PEM_FIFO_RESET = Ox01; 

for(i = O; iく 2;i++); 

I* PEMからの割り込みをイネーブル＊／

rv = C6x_ControlEnableintSrc(FT_INT_EINT5, FT_INTSRC_PEM_INT1_EINT5); 
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while(rv != O); 

rv = C6x_ControlEnableC6xint(C6X_CSR_GIE I C6201_IxR_EXT_INT5); 
while(rv != 0); 

*PEM_PARAM_SAMPLE = param.sample + 1; I*サンプル数設定＊／

I* FIFO取り込み開始＊／

*PEM_FIFO_START = Ox01; 

for(i = O; iく 2; i++); 

｝
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stopmeasure.c 

progran1 name : stopmeasure.c 

path: source/ dsp / src _ mod if/ stop measure. c 

co1n1nents : 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／ 

／ ＊＊／  

／＊ エスパアンテナ制御装置 ＊／ 

／＊ ＊／ 

!**************************************************************************ギ＊／

!****************************************************************************! 
／＊＊／  

／＊ DSPフログラム ＊／ 

I* *I 
／＊内容 ：計測停止モジュール ＊／ 

／＊ ＊／ 

!****************************************************************************! 

#include "ftc6x.h" 

#include "esppern.h" 

void StopMeasure(void) 

｛ 

RESULT rv; I* DSPボードサポートライブラリの返り値＊／

inti・， 

rv = C6x_Contro1DisableintSrc(FT_INT_EINT5, (FT_PEM_CTRL_PIE1_5 I FT_PEM_CTRL_PIE2_5)); 
while(rv != O); 

rv =C6x_Contro1DisableC6xint(C6201_IxR_EXT_INT5); 

while(rv != O); 

*PEM_FIFO_START = OxOO; f* FIFOデータ取り込み停止＊／

for(i = O; iく 2; i++); 

｝
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DAOutput.c 

program name : DAOutput.c 

path: source/ dsp / src _ modif /DA伽 tput.c

com1nents : 

!****************************************************************************! 
I* *I 
／＊ エスパアンテナ制御装置 ＊／ 

I* *I 

!****************************************************************************! 

!****************************************************************************! 
I* *I 
／＊ DSPフログラム ＊／ 

／ ＊＊／  

／＊内容 ： 制御電圧設定モジュール ＊／ 

／ ＊＊／  

!****************************************************************************! 

#include "ftc6x.h" 

#include "esppem.h" 

#define WAIT 1 

void DAOutput(int Xn[]) 

｛ 

UINT32 output; 

UINT32 i; 

output= Xn[O] + 2048; 

*PEM_DA1_HIGH =(output≫8); 

*PE凡DA1_LOW= output; 

for(i = O; i < WAIT; i++); 

output= Xn[1] + 2048; 
*PEM_DA2_HIGH =(output≫8); 

*PEM_DA2_LOW = output; 

output= Xn[2] + 2048; 

*PEM_DA3_HIGH =(output≫8); 
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*PEM_DA3_LOW = output; 

for(i = O; i < WAIT; i++); 

output= Xn[3] + 2048; 

*PEM_DA4_HIGH = (output≫8); 

*PEM_DA4_LOW = output; 

output= Xn[4] + 2048; 

*PEM_DA5_HIGH =(output≫8); 

*PEM_DA5_LOW = output; 

for(i = O; i < WAIT; i++); 

output= Xn[5] + 2048; 

*PEM_DA6_HIGH =(output≫8); 

*PEM_DA6_LOW = output; 

I* output = Xn [6] + 2048; *I I* 2001.06.21 *I 

*PEM_DA7_HIGH =(output≫8); 

*PEM_DA7_LOW = output; 

for(i = O; i < WAIT; i++); 

I* output = Xn [7] + 2048; *I I* 2001.06.21 *I 

*PEM_DAS_HIGH =(output≫8); 

*PEM_DAS_LOW = output; 

｝
 

114 



DAsend.c 

program name: DAsend.c 

path: source/dsp/src_modif/DAsend.c 

comments: 

／＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊／ 

／ ＊＊／  

／＊ エスパアンテナ制御装置 ＊／ 

I* *I 

!****************************************************************************! 

!****************************************************************************! 
I* *I 
I* DSPプログラム ＊／ 

I* *I 
／＊内容 ： 制御電圧値転送モジュール ＊／ 

I* *I 

!****************************************************************************! 

#include "ftc6x.h" 
#include "command.h" 

extern CMD_FORMAT *cmdToHost; 
extern INIT_PARAM pararn; 
extern MEASURED_DATA *sendMeasure; 

void DAsend(int Xn[J) 

｛ 

int k; 

sendMeasure = (MEASURED_DATA *)&cmdToHost->cmdData[1]; 

for(k = O; k < param.element; k++) { 

sendMeasure->voltData[k] = Xn[k]; 

｝ 

if(param.element <.8) 

for(k = param.element; k < 8; k++) { 

sendMeasure->voltData[k] = O; 

115 



｝

｝

 

116 



DataSend.c 

progran1 name : DataSend.c 

path: source/dsp/src_modif/DataSend.c 

comments: 

!****************************************************************************! 
／＊＊／  

／＊ エスパアンテナ制御装置 ＊／ 

／ ＊＊／  

!****************************************************************************! 

!****************************************************************************! 
I* *I 
／＊ DSPフログラム ＊／ 

／ ＊ ＊／  

／＊内容 ： HOSTへのデータ転送モジュール ＊／ 

／ ＊ ＊／  

!****************************************************************************! 

#include "co皿nand.h"
#include "ftc6x.h" 

extern CMD_FORMAT *cmdToHost; 
extern INIT_PARAM param; 
extern MEASURED_DATA *sendMeasure; 

struct { 

unsigned int sel_data 
unsigned int sel_vol 

unsigned int sel_corr 
} flags; 

void DataSend(void) 

｛ 

1・， 
1; 
1・， 

sendMeasure = (MEASURED_DATA *)&cmdToHost->cmdData[1]; 

flags.sel_corr = pararn.savedData; 
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flags. sel_ vol = (param. savedData & Ox02)≫1; 

flags. sel_data = (par am. savedData & Ox04)≫2; 

sendMeasure->coeffid = 1; I*朴廿関係数識別 ID*I 
sendMeasure->coeffWords = 1; I*相関係数データワード数＊／

sendMeasure->voltid = 2; I*制御電圧識別 ID*I 
sendMeasure->voltWords = 8; I*制御電圧データワード数＊／

sendMeasure->inputid = 3; I*入力信号識別 ID*I 

if(flags.sel_data == 1) { I*入力信号データワード数＊／

sendMeasure->inputWords = param.sample * 2; 
｝ 

else if(flags.sel_data == 0) { 

sendMeasure->inputWords = O; 

｝ 

｝ 

118 



APPENDIX C : ESP AR  CONTROL 

SOURCE CODE (SOLUTION 2) 

comhead.h 

program name : comhead.h 

path: source/antennaGG2/comhead.h 

comments : General declarations header 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#ifndef COMHEAD_H 

#define COMHEAD_H 

#define ATR_vER 1 /* ATR Network Analyser *I 
#define AGG_VER 2 /* Antenna GIGEN Network Analyser *I 

I*-----------------------------------------------------------------------------------* 
I* CHOOSE HERE THE VERSION YOU WANT TO USE *I 
#define NA_VERSION AGG_VER 

I*-----------------------------------------------------------------------------------* 
#if (NA_VERSION==AGG_VER) 

#define TIMESOVERMSEC 2000 I* waiting time settings for Antenna Gigen *I 
#else I* waiting time settings for ATR *I 
#define TIMESOVERMSEC 3000 I* old 1420-3000 : depends of the PC clock *I 
#endif 

I*-----------------------------------------------------------------------------------* 

I* pause define *I 
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#define pause {char c;fflush(stdin) ;printf("Press ENTER key ... ¥n") ;c = getchar() ;} 

I* debugging define *I 

#if 0 

#define DB(A) {A;} 

#define DEBUG_OUT stdout 

#define DB_pause pause 

#else 

#define DB(A) {A;} 

#define DB_pause {} 

#define DEBUG_OUT _debug_file 

#endif 

I*-----------------------------------------------------------------------------------*I 

I* TEMPORISATION A miliseconds *I 

#if 1 

#define Idling(A) {int Ts=TIMESOVERMSEC,i,ii;for(i=1;i<A;i++) for(ii=1;ii<Ts;ii++);} 

#else 

#define Idling(A) {} 

#endif 

I*---------------------------------------------------------------*I 

float *String2FloatTable (char *str); 

void recopy_f2f (int n,float *f1,float *f2); 

#endif 
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． 
n1a1n.c 

progra1n nan1e : mam.c 

path: source/antennaGG2/main.c 

comments : Main program 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <stdio.h> 

#include <stdlib.h> 

#include <malloc.h> 

#include <windows.h> 

#include "decl-32.h" 

#include "apiaio.h" 

#include "cornhead.h" 

#include "gpib.h" 

#include "dalink.h" 

#include "adaptive.h" 

#include "rnfunc.h" 

I* external global variables declarations *I 

extern WORD Ch_Def[]; 

extern WORD Output_Range[J; 

extern FILE *_debug_file; 

I* GLOBAL variables declarations *I 

int OPT_OUTPUT = O; 

int OPT_ADPALGO = O; 

int OPT_VOLTEXP = O; 

int OPT_FREQEXP = O; 

int OPT_OMNIP = O; 

#define XDR(A,B) (((A) && (!B)) 11 ((!A) && (B))) 

#define CHECK_OPT XDR(OPT_OMNIP==1,XOR(OPT_OUTPUT==1,XDR(OPT_ADPALGD==1,XDR(DPT_FREQEXP= 

int main (int argc,char *argv[J) 
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｛
 

char file_name[256]= {'¥0'}; 

I* DIA main variables *I 

HANDLE hdrv; 

WORD grpno = (WORD)GRPNO; 

DWORD dwret; 

I* DIA output variables *I 

WORD outbuf[NBVOLTAGE] = {O}; 

AOUT ipaout; 

I* GPIB variable(s)*/ 

int Dev; 

I*--------USER VARIABLES-------------*I 

struct param param; 

FILE *fpl = NULL; 

I*-------------------------------------*I 

I*---------------------------------------------------------------------------

---------ARGUMENTS CHECK 

---------------------------------------------------------------------------*I 

if (argc > 1) 

｛ 

while (--argc) 

｛ 

if (!strncmp(argv[argc],11--help11,6) II !strncmp(argv[argc],11-h11,2)) 

｛ 

printf("Use : %s [--outputl--adpalgol--voltexpl--freqexpl--omni] 

argv [OJ); 

printf("¥t --output 

printf("¥t --adpalgo 

printf("¥t --voltexp 

printf("¥t --freqexp 

printf("¥t --omni 

printf("¥t <file name> 

and'--adpalgo'¥n"); 

pri.ntf(11¥n11); 

exit(1); 

[--file=<file name>J¥n", 

simple D/A output value¥n"); 

use adaptive algorithm¥n"); 

fix 5 voltages and measure power for 1 variable voltage¥n"); 

fix all voltages and measure power for variable frequence¥n"); 

measure power for all voltage variation between an input range¥n") 

name of data file, for'--voltexp','--freqexp','--omni' 
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｝ 

else if (!strncmp(argv[argc],"--file=",7)) 

sscanf (argv[argc], "--file=%s" ,file_name); 

else if (!strncmp(argv[argc],11--output",8)) 

OPT_OUTPUT = 1; 

else if (!strncmp(argv[argc],"--adpalgo",9)) 

OPT_ADPALGO = 1; 

else if (!strncmp(argv[argc],"--voltexp",9)) 

OPT_ VOLTEXP = 1; 

else if (!strncmp(argv[argc],"--freqexp",9)) 

DPT _FREQEXP = 1; 

else if (!strncmp(argv[argc],"--omni",6)) 

OPT_OMNIP = 1; 

else 

｛ 

fprintf(stderr,11%s : Unknown option %s ¥n",argv[O] ,argv[argc]); 

fprintf(stderr,"Try'%s --help'for more information ¥n",argv[O]); 

exit (1); 

}; 

}; 

｝ 

else 

｛ 

fprintf(stderr,11%s : not enough arguments ¥n",argv[OJ); 

fprintf(stderr,"Try'%s --help'for more information ¥n",argv[O]); 

exit (1); 

}; 

I* check the options *I 
if (! CHECK_OPT) 

｛ 

fprintf(stderr,"%s : can not use several options in the same time ¥n",argv[O]); 

exit (1); 

｝ 

I* check the options dependances *I 
if ((OPT_ADPALG0==1 I I OPT_VOLTEXP==1 I I OPT_FREQEXP==1 I I OPT_OMNIP==1) 
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&& strlen(file_name)==O) 

｛ 

fprintf(stderr,"%s : missing file name (option'--file=') ¥n",argv[O]); 

fprintf(stderr,"Try'%s --help'for more information ¥n",argv[O]); 

exit (1); 

}; 

I*---------------------------------------------------------------------------
---------INIT .. 

---------------------------------------------------------------------------*I 
printf("---------------Initializing --------------------¥n"); 

I* create GPIB debug file output *I 
_debug_file = fopen("gpib_debug_file.txt","w"); 

if (_debug_file == NULL) 

｛ 

fprintf(stderr,"Error : can not create %s¥n","gpib_debug_file.txt"); 

exit(1); 

}; 

I* Initialize GPIB *I 
Dev= NA_gpib_init(); 

// Dev = gpib_ini t_prompt (); 

I* Open D/A board *I 
dwret = 1; 

I* looking for group number *I 
while ((dwret != 0) && grpno<=16) 

｛ 

dwret = Aio□pen(&hdrv,(WORD)DRVNO,++grpno); 
printf("D/A board (group number:%d) [Ox%xh] .... %s ¥n",grpno,dwret,(dwret==O)?"DK":"Error'' 

}; 

if (dwret ! = 0) 

｛ 

printf("Error : can not open D/A board (errno:Ox%xh)¥n",dwret); 

exit(1); 

｝ 

I* set the output range *I 
AioRange(hdrv,Ch_Def,Output_Range,NBVOLTAGE); 

I* settings for output commands *I 
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ipaout.OutBuf = outbuf; 

ipaout.OutChNo = Ch_Def; 

ipaout.Channels = NBVOLTAGE; 

I* output Ov in all channel set*/ 

｛ 

float volt[MAXCHANNEL] = {0.0}; 

ConvertVolt2Binary(ipaout.Channels,volt,outbuf); 

}; I* after outbf is Ov binary values *I 
dwret = AioOut(hdrv,&ipaout); 

if (dwret!=O) 

printf("Error in: AioOut(hdrv,&ipaout) [Ox%xh]¥n",dwret); 

else 

printf("Init output succeded ... ¥n"); 

printf("---------------End initialize ------------------¥n¥n"); 

I*---------------------------------------------------------------------------*I 

I*---------------------------------------------------------------------------
---------MAIN 

-----------------------------------------------------------------~--------- *I 

if (OPT_OUTPUT==1) 

｛ 

I* case of simple D/A output *I 
char ch [2] = "Y"; 

while(ch[O]=='Y'11 ch[OJ=='y') 

｛ 

Simple_Output_Test(hdrv); 

printf("Do you want to'output'again? (y/n):"); 

scanf("%s",ch); 

} ; 

｝ 

else if (OPT_ADPALG0==1) 

｛ 

I* prompting params *I 
param = PromptValues (); 

// param = DefaultParamValues (); 

ipaout.Channels = (WORD)param.element; 
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I* set init of GPIB *I 
#if (NA_VERSION==ATR_VER) 

NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_WIN,GPIB_TRACE,param.P, 

(float) GPIB_FREQ, GPIB_POWL, GPIB_S_MEAS) ; 

#else 

AGG_NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_POWL,AGG_NA_POINT,3000,1, 

(float)GPIB_FREQ,O,GPIB_S_MEAS); 

#endif 

I* adaptive algo *I 
fp1 = fopen(file_name,"w"); 

Print_Param_Values (fp1 ,param); 

AdptiveAlgo_ver2(fp1,Dev,GPIB_WIN_CHANNEL,hdrv,&ipaout,param); 

fclose (fp1); 

｝ 

else if (OPT_VOLTEXP==1) 

｛ 

I* set init of GPIB *I 
#if (NA_V~RSION==ATR_VER) 

NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_WIN,GPIB_TRACE,param.P, 

(float)GPIB_FREQ,GPIB_POWL,GPIB_S_MEAS); 

#else 

AGG_NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_POWL,AGG_NA_POINT,3000,1, 

(float)GPIB_FREQ,O,GPIB_S_MEAS); 

#endif 

fp1 = fopen(file_name,"w"); 

Voltage_Power_Measure (Dev,GPIB_WIN_CHANNEL,hdrv,fp1); 

fclose (fp1); 

｝
 

else if (OPT_OMNIP==1) 

｛ 

I* set init of GPIB *I 
#if (NA_VERSION==ATR_VER) 

NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_WIN,GPIB_TRACE,param.P, 

(float) GPIB_FREQ, GPIB_POWL, GPIB_S_MEAS) ; 

#else 

AGG_NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_POWL,AGG_NA_POINT,3000,1, 

(float)GPIB_FREQ,O,GPIB_S_MEAS); 

#endif 
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fp1 = fopen(file_name, "w"); 

Voltage_Power_Measure_all (Dev,GPIB_WIN_CHANNEL,hdrv,fp1); 

fclose(fp1); 

｝
 

else if (OPT_FREQEXP==1) 

｛ 

I* set init of GPIB *I 
#if (NA_VERSIDN==ATR_VER) 

NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_WIN,GPIB_TRACE,param.P, 

(float)GPIB_FREQ,GPIB_POWL,GPIB_S_MEAS); 

#else 

AGG_NA_GPIBfreq_init(Dev,GPIB_WIN_CHANNEL,GPIB_POWL,AGG_NA_POINT,3000,1, 

(float)GPIB_FREQ, 0, GPIB_S_MEAS); 

#endif 

fp1 = fopen(file_name,"w"); 

Frequence_Power_Measure (Dev,GPIB_WIN_CHANNEL,hdrv,fp1,(float)GPIB_FREQ); 

fclose (fp1); 

｝
 

I*---------------------------------------------------------------------------*I 

I* -------------------------------_・_ ------------------------------------------
---------CLOSE 

---------------------------------------------------------------------------*I 
f close (_de bug_f ile) ; 

gpib_close (Dev); 

dwret = AioClose(hdrv); 

if (dwret != 0) 

printf("Error : can not close D/A board (errno:Ox%xh)¥n",dwret); 

exit(1); 

I*---------------------------------------------------------------------------*I 

｝
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adaptive.h 

program name : adaptive.h 

path: source/antennaGG2/adaptive.h 

comments : Header for the adaptive algorithm function declarations 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "apiaio.h" 

#include "dalink.h" 

#ifndef ADAPTIVE_H 

#define ADAPTIVE_H 

struct param { 

int N; I* nb of iterations *I 

int P; 

float mu; 

float tau; 

int deltaX; 

int element; I* number of elements *I 

int initVolt[MAXCHANNEL]; 

}; 

struct param PromptValues (void); 

struct param DefaultParamValues (void); 

float MeasurePower (int Dev,int ch); 

int AdptiveAlgo (FILE *out_file,int Dev,int ch,HANDLE hdrv, 

AOUT *ipaout,struct param param); 

int AdptiveAlgo_ver1 (FILE *out_file,int Dev,int ch,HANDLE hdrv, 

AOUT *ipaout, struct par am param) ; 

int AdptiveAlgo_ver2 (FILE *out_file,int Dev,int ch,HANDLE hdrv, 

AOUT *ipaout,struct param param); 
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void DAsend (int iterNb,int nb,int *Xn); 

void Print_Pararn_Values (FILE *fp,struct pararn p); 

void DAOutput (HANDLE hdrv ,ADUT *ipaout, int *values, int nb); 

void Write_Voltage (FILE *out_file,int nurn,int nb,int *Xn,float corrO); 

#endif 
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adapco1n.c 

program name: adapcom.c 

path: source/antennaGG2/adapcom.c 

comments : Genaral functions for the adaptive part 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "comhead.h" 

#include "adaptive.h" 

#include "dalink.h" 

#include "gpib.h" 

float MeasurePower(int Dev,int ch) 

｛ 

struct StructSMeasure pinfo; 

float ret = 0.0; 

#if (NA_VERSION==ATR_VER) 

pinfo = Get_S_Measure(Dev,ch,"S21"); 

#else 

pinfo = AAG_Get_S_Measure(Dev); 

#endif 

return 

｝ 

(pinfo.magMean); 

struct param DefaultParamValues 

｛ 

struct param ret; 

(void) 

ret. deltaX = 40; 

ret.element = 6; 

ret.mu = 300; 

ret.N = 10; 
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ret.P = 2; 

ret.initVolt[O] = 1500; 

ret.initVolt[1] = 1500; 

ret. ini tVolt [2] = -1500; 

ret. ini tVolt [3] = -1500; 

ret.initVolt[4] = -1500; 

ret.initVolt[5] = 1500; 

ret.initVolt[6] = VOLT_MIN; 

ret.initVolt[7] = VDLT_MIN; 

return (ret); 

｝ 

struct param PromptValues (void) 

｛ 

struct param ret; 

int k; 

extern WORD Ch_Def[]; 

fflush(stdin); 

ret.element = 6; 

ret.P = 3; 

// printf("Number of elements .... :"); 

// scanf("%d",&ret.element); 

printf("Number of iterations .. :"); 

scanf("%d",&ret.N); 

// printf("Length of P param ..... :"); 

// scanf("%d",&ret.P); 

printf("DeltaX ............... :"); 

scanf("%d",&ret.deltaX); 

// printf("tau ................... :"); 

// scanf("%f",&ret.tau); 

printf ("Mu param .............. : "); 

scanf("%f",&ret.mu); 

I* prompting init voltages *I 
for (k=O;k<ret.element;k++) 

｛ 

ret.initVolt[k] = VOLT_MAX+1; 

while (!(ret.initVolt[k]<=VOLT_MAX && ret.initVolt[k]>=VOLT_MIN)) 

｛ 
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printf("Initial Voltage on Element%d (%d:%d)[ch:%d] <= ",k+1,VOLT_MIN,VOLT_MAX,Ch_Def[k]); 

scanf ("%d" ,&ret. initVolt [k]); 

}; 

}; 

for (k=ret.element;k<MAXCHANNEL;k++) 

ret.initVolt[k] = VOLT_MIN; 

return (ret); 

｝ 

void Print_Pararn_ Values (FILE *fp, struct param p) 

｛ 

if (fp != NULL) 

｛ 

fprintf(fp,"#M¥t=%d;¥n#N¥t=%d;¥n#P¥t=%d;¥n",p.element,p.N,p.P); 

fprintf(fp,"#deltaX¥t=%d;¥n#rnu¥t=%4.2f¥n#tau¥t=%4.2f¥n",p.deltaX,p.mu,p.tau); 

fprintf(fp,"#VOLT_MIN:%d; VOLT_MAX:%d;¥n¥n",VOLT_MIN,VOLT_MAX); 

｝ 

｝ 

void DAOutput(HANDLE hdrv,ADUT *ipaout,int *values,int nb) 

｛ 

int dwret,k; 

for (k=O;k<nb;k++) 

ipaout->OutBuf[k] = (WORD)(values[k]-VOLT_MIN); 

dwret = Aio□ut(hdrv,ipaout); 
if (dwret!=O) 

printf("Error in: DAOutput [Ox%xh]¥n",dwret); 

I* tempo for voltage affectation *I 

Idling(300); 

｝ 

void DAsend(int iterNb,int nb,int *Xn) 

｛ 

inti; 

printf("[%d] ",iterNb); 

for(i=O;i<nb;i++) 

printf("%d, ",Xn[i]); 

printf("¥n"); 
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｝
 

void Write_Voltage (FILE *out_file,int num,int nb,int *Xn,float corrO) 

｛ 

int k; 

fprintf(out_file,"%d ,",num); 

fprintf(out_file,"%3.2f ,",20.0*log10(corr0)); 

fprintf (out_file, "%f , ", corrO); 

for (k=O;k<nb-1;k++) 

fprintf(out_file,"%d ,",Xn[k]); 

fprintf(out_file,"%d ¥n",Xn[k]); 

fflush(out_file); 

｝ 
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adaptivel .c 

program name : adaptivel.c 

path: source/antennaGG2/adaptivel.c 

comments : Adaptive algorithm functions 

／＊ 

ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

＊／ 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "cornhead.h" 

#include "adaptive.h" 

#include "dalink.h" 

#include "gpib.h" 

int AdptiveAlgo_ver1(FILE *out_file,int Dev,int ch,HANDLE hdrv, 

ADUT *ipaout,struct param param) 

｛ 

float corrO = 0.0; 

float corr[NBVOLTAGE] = {0。〇};

float DeltaRho[NBVOLTAGE] = {0.0}; 

float ValueTmp = 0.0; 

float DivCoef = 1.0; 

int Xn[NBVOLTAGE]; 

int Xtmp; 

int sign; 

int n,k,m; 

int mem; 

I* write header results in file *I 

fprintf(out_file,"#indice ,cost function (dB) ,cost function(linear) ,"); 

for (k=O;k<param.element-1;k++) 

fprintf (out_file, "v%d , ",k); 

fprintf(out_file,"v%d ¥n",k); 
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I* set init voltages *I 

for (k=O;k<param.element;k++) 

Xn[k] = param.initVolt[k]; 

for (n=i;n<=param.N;n++) 

｛ 

DAOutput(hdrv,ipaout,Xn,param.element); 

corrO = MeasurePower(Dev,ch); 

I* write file *I 

Write_Voltage(out_file,n,param.element,Xn,corrO); 

I* print voltage values *I 

DAsend(n,param.element,Xn); 

ValueTmp = 0.0; 

for (m=O;m<param.element;m++) 

｛ 

Xtmp = param.deltaX + Xn[m]; 

sign = +1; 

mem = Xn[m]; 

if (Xtmp >= VOLT_MAX) 

｛ 

Xn[m] = Xn[m] -param.deltaX; 

sign= -1; 

｝ 

else 

Xn[m] = Xtmp; 

DAOutput(hdrv,ipaout,Xn,param.element); 

corr[m] = MeasurePower(Dev,ch); 

Xn[m] = mem; 

if (sign> 0) 

DeltaRho[m] = corr[m] -corrO; 

else 

DeltaRho[m] = -(corr[m] -corrO); 

I* for normalization *I 

ValueTmp = ValueTmp + corr[m]*corr[m]; 

}; 
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I* compute of new Xn *I 

DivCoef = (float)sqrt(ValueTmp/((float)param.element)); 

for (k=O;k<param.element;k++) 

｛ 

Xn[k] = Xn[k] + (int)(param.mu * (DeltaRho[k]/DivCoef)); 

if (Xn[k] > VOLT_MAX) 
Xn[k] = VOLT_MAX; 

else if (Xn[k] < VOLT_MIN) 

Xn[k] = VOLT_MIN; 

} ; 

} ; 

return (1); 

｝
 

int AdptiveAlgo(FILE *out_file,int Dev,int ch,HANDLE hdrv,AOUT *ipaout,struct param param) 

｛ 

float corr[NBVOLTAGE+1] = {0.0}; 

float DeltaRho[NBVOLTAGE+1] = {0.0}; 

int sign[NBVOLTAGE] = {1}; 

int Xn[NBVOLTAGE], 

Xtmp; 

float ValueTmp = 0.0; 

float DivCoef = 0.0; 

int n,m,k; 

int mem; 

•9.

, 
1

0

 

＝
＝
 

n

m

 
I* write header results in file *I 

fprintf(out_file,11#indice ,cost function (dB) ,cost function(linear) ,11); 

for (k=O;k<param.element-1;k++) 

fprintf(out_file,11v%d ,11,k); 

fprintf (out_file, 11v%d ¥n" ,k); 
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I* set init voltages *I 
for (k=O;k<pararn.element;k++) 

Xn[k] = pararn.initVolt[k]; 

I* output initial voltages *I 
DA□utput(hdrv,ipaout,Xn,pararn.element); 

while (n <= param.N) 

｛ 

if (n <= par am. N) 

｛ 

if (m < param. element) 

｛ 

if Cm ! = o) 

｛ 

Xn[m-1] = mem; 

} ; 

corr[m] = MeasurePower(Dev,ch); 

mem = Xn[m]; 

Xtmp = param.deltaX + Xn[m]; 

if (Xtmp >= VOLT_MAX) 

｛ 

Xtmp = Xn[m] -param.deltaX; 

if (m != 0) 

sign[m-1] = -1; 

｝ 

else if (m != 0) 

sign[m-1] = 1; 

Xn[m] = Xtmp; 

DAOutput(hdrv,ipaout,Xn,param.element); 

m++; 

｝ 

else 

｛ 

Xn[m-1] = mem; 

corr[m] = MeasurePower(Dev,ch); 

I* normalization *I 
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ValueTrnp = 0.0; 

for (k = 1;k <= param.elernent; k++) 
｛ 

if (sign[k-1] > 0) 
DeltaRho [k] = corr [k] -corr [OJ ; 

else 

DeltaRho [k] = -(corr [k] -corr [OJ) ; 

ValueTmp = ValueTmp + corr[k]*corr[k]; 

}; 

DivCoef = (float)sqrt(ValueTmp/((float)param.element)); 

for (k = l;k <= pararn.elernent; k++) 

｛ 

Xn[k-1] = Xn[k-1] + (int)(pararn.rnu * (DeltaRho[k]/DivCoef)); 

}; 

for (k = O; k < param.element; k++) 
｛ 

if (Xn[k] > VOLT_MAX) 
Xn[k] = VOLT_MAX; 

else if (Xn[k] < VOLT_MIN) 
Xn[k] = VOLT_MIN; 

} ; 

DAOutput(hdrv,ipaout,Xn,param.element); 

I* write file *I 

Write_Voltage(out_file,n,param.element,Xn,corr[O]); 

// DAsend(n,param.element,Xn); 

Write_Voltage(stdout,n,param.element,Xn,corr[O]); 

•9 

゜
•9 
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}

｝

｝

 

return (1); 

｝ 

138 



adaptive2.c 

program name : adaptive2.c 

path: source/antennaGG2/adaptive2.c 

comments : Adaptive algorithm functions 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "comhead.h" 

#include "adaptive.h" 

#include "dalink.h" 

#include "gpib.h" 

int AdptiveAlgo_ver2(FILE *out_file,int Dev,int ch,HANDLE hdrv, 

AOUT *ipaout, struct par am param) 

｛ 

float corrO = 0.0; 

float corr[NBVDLTAGE] = {0.0}; 

float DeltaRho[NBVDLTAGE] = {0.0}; 

float ValueTmp = 0.0; 

float Di vCoef = 1. 0; 

float mu; 

int Xn[NBVOLTAGE]; 

int XT[NBVOLTAGE]; 

int n,k,m; 

int mm; 

I* write header results in file *I 

fprintf(out_file,"indice ,cost function (dB) ,cost function(linear) ,"); 

for (k=O;k<param.element-1;k++) 

fprintf(out_file,"v%d ,",k); 
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fprintf(out_file,11v%d ¥n",k); 

I* set init voltages *I 
for (k=O;k<param.element;k++) 

Xn [k] = param. ini tVolt [k] ; 

DAOutput(hdrv,ipaout,Xn,param.element); I* only for the first iteration *I 
Idling(600); I* waiting at the first iteration *I 

for (n=1;n<=param.N;n++) 

｛ 

DAOutput(hdrv,ipaout,Xn,param.element); 

corrO = MeasurePower(Dev,ch); 

I* write file *I 
Write_Voltage(out_file,n,param.element,Xn,corrO); 

I* print voltage values *I 
// DAsend(n,param.element,Xn); 

Write_Voltage(stdout,n,param.element,Xn,corrO); 

// ValueTmp = 0.0; 

for (m=O;m<param.element;m++) 

｛ 

for (mm=O; rnm<pararn.elernent;rnm++) 

XT [mm] =Xn [mm] ; 

if (pararn.deltaX + XT[m] < VOLT_MAX) { 

XT[rn] = pararn.deltaX + XT[rn]; 

DAOutput (hdrv, ipaout ,XT ,param. element); 

corr[m] = MeasurePower(Dev,ch); 

DeltaRho [m] = corr [m] -corrO; 

} else { 

XT[m] = XT[rn] -param.deltaX; 

DAOutput(hdrv,ipaout,XT,param.elernent); 

corr[m] = MeasurePower(Dev,ch); 

DeltaRho [rn] = -(corr [m] -corrO); 

｝ 

I* for normalization *I 
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// ValueTmp = ValueTmp + corr[m]*corr[m]; 

}; 

I* compute of new Xn *I 

II DivCoef = (float)sqrt(ValueTmpl((float)param.element)); 

// mu= param.mu / ((float)1.0 + ((float)n)/param.tau); 

// printf("%d --%f¥n",n,mu); 

mu= param.mu; 

for (k=O;k<param.element;k++) 

｛ 

// Xn[k] = Xn[k] + (int)(mu * (DeltaRho[k]/DivCoef)); 

Xn[k] = Xn[k] + (int)(mu * (DeltaRho[k]/corrO)); 

if (Xn[k] > VOLT_MAX) 
Xn[k] = VDLT_MAX; 

else if (Xn[k] < VDLT_MIN) 

Xn[k] = VDLT_MIN; 

}; 

}; 

return (1); 

｝
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adaptive2 .c 

program name : adaptive2.c 

path: source/antennaGG2/adaptive2.c 

comments : Adaptive algorithm functions 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "comhead.h" 

#include "adaptive.h" 

#include "dalink.h" 

#include "gpib.h" 

int AdptiveAlgo_ver2(FILE *out_file,int Dev,int ch,HANDLE hdrv, 

AOUT *ipaout, struct param param) 

｛ 

float corrO = 0.0; 

float corr[NBVOLTAGE] = {0.0}; 

float DeltaRho[NBVOLTAGE] = {0.0}; 

float ValueTmp = 0.0; 

float DivCoef = 1. 0; 

float mu; 

int Xn[NBVOLTAGE]; 

int XT[NBVOLTAGE]; 

int n,k,m; 

int mm; 

I* write header results in file *I 

fprintf(out_file,"indice ,cost function (dB) ,cost function(linear) ,11); 

for (k=O;k<param.element-1;k++) 

fprintf(out_file,"v%d ,",k); 
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f p r i ntf ( o ut _ f i l e , 11 v゚んd¥ n " , k ) ; 

I* set init voltages *I 
for (k=O;k<param.element;k++) 

Xn[k] = param.initVolt[k]; 

DAOutput(hdrv,ipaout,Xn,param.element); I* only for the first iteration *I 
Idling(600); I* waiting at the first iteration *I 

for (n=1;n<=param.N;n++) 

｛ 

DA□utput(hdrv,ipaout,Xn,param.element); 
corrO = MeasurePower(Dev,ch); 

I* write file *I 
Write_Voltage(out_file,n,param.element,Xn,corrO); 

I* print voltage values *I 
// DAsend(n,param.element,Xn); 

Write_Voltage(stdout,n,param.element,Xn,corrO); 

// ValueTmp = 0.0; 

for (m=O;m<param.element;m++) 

｛ 

for (mrn=O; mrn<param.element;mrn++) 

XT [mm] =Xn [mm] ; 

if (param.deltaX + XT[m] < VDLT_MAX) { 

XT[m] = param.deltaX + XT[m]; 

DAOutput(hdrv,ipaout,XT,param.element); 

corr[m] = MeasurePower(Dev,ch); 

DeltaRho[m] = corr[m] -corrO; 

} else { 

XT[m] = XT[m] -param.deltaX; 

DA□utput(hdrv,ipaout,XT,param.element); 
corr[m] = MeasurePower(Dev,ch); 

De 1 t aRho [m] = -(corr [m] -corrO) ; 

｝ 

I* for normalization *I 
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// ValueTmp = ValueTmp + corr[m]*corr[m]; 

}; 

I* compute of new Xn *I 

// DivCoef = (float)sqrt(ValueTrnp/((float)pararn.elernent)); 

// mu= param.mu / ((float) 1. 0 + ((float)n) /param. tau); 

// printf("%d --%f¥n",n,mu); 

mu= param.mu; 

for (k=O;k<param.element;k++) 

｛ 

// Xn[k] = Xn[k] + (int)(mu * (DeltaRho[k]/DivCoef)); 

Xn[k] = Xn[k] + (int)(mu * (DeltaRho[k]/corrO)); 

if (Xn[k] > VOLT_MAX) 
Xn[k] = VOLT_MAX; 

else if (Xn[k] < VOLT_MIN) 

Xn[k] = VOLT_MIN; 

}; 

}; 

return (1); 

｝
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dalink.h 

program name : dalink.h 

path: source/antennaGG2/dalink.h 

comments : D / A board header 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include 11apiaio.h11 

#ifndef DALINK_H 

#define DALINK_H 

I*--------------------------------------------------------------*I 

I* defines & declarations for the D/A board *I 

#define DRVNO 4 /* 4 -> DA12 8L(PC); 26 -> DA12-16(PCI) *I 

#define GRPNO 0 

#define MAXCHANNEL 8 f* depend of the D/A board model *f 

#define NBVOLTAGE 6 f* corresponding to the number of used CHANNELs (max=MAXCHANNEL) *f 

#define NBBITS 12 /* nombre de bits de codage (ex: 12bits => 0 -4095) *I 

#define GAINMAX 1 /* maximun gain (see board specification) *I 

#define VDLT_MIN -(1くく (NBBITS-1))

#define VOLT_MAX (1くく(NBBITS-1))-1

I*--------------------------------------------------------------*I 

WORD *ConvertVolt2Binary (int nbVal,float *volt,WORD *binary); 

int Simple_Output_Test (HANDLE hdrv); 

#endif 
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dalink.c 

program name : dalink.c 

path: source/antennaGG2/dalink.c 

comments : D / A board functions 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include "comhead.h" 

#include "apiaio.h" 

#include "dalink.h" 

I*--------------------------------------------------------------*I 

I* which voltage matching with the output channel *I 

#if (NA_VERSIDN==ATR_VER) 

WORD Ch_Def[NBVOLTAGE] = {4, 3, 2, 1, 0, 5}; // ATR cable 

#else 

WORD Ch_Def[NBVOLTAGE] = {0, 1, 2, 3, 4, 5}; // Antenna Gigen cable 

#endif 

I* output range 

0 : -10V <-> +10V 

1 : -5V <-> +5V 

2 : OV <-> +10V *I 

WORD Output_Range[NBVDLTAGE] = {2, 2, 2, 2, 2, 2}; 

I*--------------------------------------------------------------*I 

WORD *ConvertVolt2Binary(int nbVal,float *volt,WDRD *binary) 

｛ 

float RangeMin,RangeMax; 

int i; 

WORD *ret; 

if (volt!=NULL && binary!=NULL) 

｛ 
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for(i=O;i<nbVal && i<NBVDLTAGE;i++) 

｛ 

switch (Output_Range[i]) 

｛ 

case (0) 

case (1) 

case (2) 

}; 

RangeMin = -10.0; RangeMax = 10.0; break; 

RangeMin = -5.0; RangeMax = 5.0; break; 

RangeMin = 0.0; RangeMax = 10.0; break; 

binary[i] = VIToBinary(RangeMin,RangeMax,GAINMAX,NBBITS,volt[i]); 

}; 

ret = binary; 

}; 

return (ret); 

｝
 

int Simple_Output_Test (HANDLE hdrv) 

｛ 

WORD outbuf[MAXCHANNEL] = {O}; 

WORD outchno[MAXCHANNEL] = {0, 1, 2, 3, 4, 5, 6, 7}; 

float volt[MAXCHANNEL] = {0.0}; 

AOUT ipaout; 

int dwret,k, 

outr = 2, 

mode= O; 

float RangeMin,RangeMax; 

ipaout.Channels = 1; 

ipaout.OutBuf = outbuf; 

ipaout.DutChNo = outchno; 

printf(" ----Simple D/A output voltage on channel(s) ----¥n"); 

printf("How many channels do you want ........ :"); 

scanf(11%d11,&ipaout.Channels); 

if (ipaout.Channels>MAXCHANNEL) 

ipaout.Channels = MAXCHANNEL; 

printf("Range for D/A board output¥n"); 

printf("(O) -10V to 10V¥n"); 

printf (11 (1) -5V to 5V¥n") ; 

printf("(2) OV to 10V¥n"); 
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printf("Output range for these channels (0-2). : "); 

scanf("%d",&outr); 

if (O<outr 11 outr>2) 

outr = 2; 

switch (outr) 

｛ 

case (0) : RangeMin = -10.0; RangeMax = 10.0; break; 

case (1) : RangeMin = -5.0; RangeMax = 5.0; break; 

case (2) : RangeMin = 0.0; RangeMax = 10.0; break; 

}; 

I* set the output range *I 
for (k=O;k<ipaout.Channels;k++) 

outbuf[k] = outr; 

AioRange(hdrv,outchno,outbuf,ipaout.Channels); 

printf("Mode of input (0->volt; 1->integer) .. :"); 

scanf("%d",&rnode); 

if (rnode!=O && mode!=!) 

mode= O; 

for (k=O;k<ipaout.Channels;k++) 

｛ 

if (mode==1) 

｛ 

int val; 

val= VOLT_MAX+1; 

while (!(val<=VOLT_MAX && val>=VOLT_MIN)) 

｛ 

printf("Initial Voltage(%d:%d) [ch:%d] <= ",VOLT_MIN,VOLT_MAX,outchno[k]); 

scanf("%d",&val); 

}; 

outbuf[k] = (WORD)(val・-VOLT_MIN); 

｝ 

else 

{ volt [k] = RangeMax+ (float) 1. 0; 

while (! (volt [k] <=RangeMax && volt [k] >=RangeMin)) 

｛ 

printf("Initial Voltage(%3.1fV;%3.1fV)[ch:%d] <= ",RangeMin,RangeMax,outchno[k]); 

scanf ("%f" ,&volt [k]); 

}; 
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•9 

｝

｝

 

if (mode==O) 

ConvertVolt2Binary(ipaout.Channels,volt,outbuf); 

dwret = AioOut(hdrv,&ipaout); 

if (dwret ! =0) 

printf("Err:or in: Aio□ut(hdrv,&ipaout) [Ox%xh]¥n",dwret); 

else 

printf("Output succeded ... ¥n"); 

pause; 

return (dwret); 

｝ 
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gpib.h 

program name : gpib.h 

path: source/ antennaGG 2 / gpib.h 

comments : GPIB functions header 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#ifndef GPIB_H 

#define GPIB_H 

#include <windows.h> 

#include "decl-32.h" 

I*-----------------------------------------------------------------------------------*I 

I* declararions *I 

#define MAX_MEAS 1024 

I* de carat ions GPIB *I 

#define ARRAYSIZE 32768 

#define TMPM ARRAYSIZE 

// Size of read buffer 

#define BDINDEX O II Board Index 

#define PRIMARY_ADDR_OF_DMM 16 II Primary address of device 

#define NO_SECONDARY_ADDR O II Secondary address of device 

#define TIMEOUT T10s II Timeout value= 10 seconds 

#define EDTMODE 1 II Enable the END message 

#define EDSMODE O II Disable the EDS mode 

I*-----------------------------------------------------------------------------------*I 

I* main strcuture *I 

struct StructSMeasure { 

int nbMea; 

float mag[MAX_MEAS]; 

float phase[MAX_MEAS]; 

float magMean; 

float phaseMean; 

}; 
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I*-----------------------------------------------------------------------------------* 

I* init settings for the GPIB-PNA*/ 

#define GPIB_WIN_CHANNEL 1 

#define GPIB_WIN 1 

#define GPIB_TRACE 1 

#define GPIB_FREQ 2.484 I* freq in GHz *I 

II #define GPIB_POWL -10 I* power level in dBm (-90; +20) *I 

#define GPIB_POWL O I* power level in dBm (-90; +20) *I 

#define GPIB_S_MEAS "S21" 

I* only for ATR version *I 

#define MEAS_PHASE O I* 1:measure the phase, O:doesnot measure *I 

I* only for AGG version *I 

#define AGG_NA_POINT 3 

I*-----------------------------------------------------------------------------------~ 
I* GPIB commun functions *I 

int NA_gpib_init (void); 

int gpib_close (int Dev); 

int gpib_init_prompt (void); 

int GPIBCrd (int Dev,char *str,long size); 

int GPIBCwrt (int Dev,char *str); 

void GPIBCleanup (int Dev, char* ErrorMsg); 

I*-----------------------------------------------------------------------------------* 

I* ATR Network analyser (Agilent E8358A) *I 

int Create_S_Measure (int Dev,int channel,char *name_meas); 

int Delete_S_Measure (int Dev,int channel,char *name_meas); 

int NA_GPIBparam_init (int Dev,int channel,int num_win,long start_freq, 

long stop_freq,long power_level,int nb_pt); 

int NA_GPIBfreq_init (int Dev,int channel,int num_win,int num_trace, 

int nb_pt,float freq,int power_level,char *name_meas); 

struct StructSMeasure Get_S_Measure (int Dev,int channel,char *name_meas); 

I*-----------------------------------------------------------------------------------:+ 
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I* Antenna GIGEN Network analyser(???) *I 

int AGG_NA_GPIBfreq_init (int Dev,int channel,int power_level,int nb_pt,int bandwith, 

int averf,float freq,int ref,char *name_meas); 

struct StructSMeasure AAG_Get_S_Measure (int Dev); 

#endif 
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gpib.c 

program name : gp1b.c 

path: source/antennaGG2/gpib.c 

comments : GPIB commom functions 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <stdio.h> 

#include <stdlib.h> 

#include <malloc.h> 

#include <conio.h> 

#include "comhead.h" 

／＊ 

* Include the WINDOWS.Hand DECL-32.H files. The standard Windows 

* header file, WINDOWS.H, contains definitions used by DECL-32.H and 

* DECL-32.H contains prototypes for the GPIB routines and constants. 

＊／ 

#include <windows.h> 

#include "decl-32.h" 

#include "gpib.h" 

char ErrorMnernonic [21] [5] = {"EDVR", "ECIC", "ENOL", "EADR", "EARG", 

"ESAC", "EABD", "ENEB", "EDMA", "", 

"EOIP", "ECAP", "EFSO", "", "EBUS", 

11ESTB", 11ESRQ", 1111, 1111, 1111, "ETAB"}; 

FILE *_debug_file; 

I*----------------------------------—---------------------------- *I 
int gpib_init_prompt (void) 

｛ 

int Dev; 

int bdindex,padmm,nsadr; 

printf("----------GPIB open settings -----------------¥n"); 

printf("Board Index:"); 
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scanf("%d",&bdindex); 

printf("Primary address of device:"); 

scanf ("%d 11, &padmrn) ; 

printf("Secondary address of device:"); 

scanf("%d" ,&nsadr); 

printf("-----------------------------------------------¥n"); 

Dev= ibdev(bdindex, padmrn, nsadr, 

TIMEOUT, EOTMODE, EOSMODE); 

if (ibsta & ERR) 

｛ 

printf("Unable to open device¥nibsta = Ox%x iberr = %d¥n", 

ibsta, iberr); 

exit(1); 

｝ 

ibclr (Dev); 

if (ibsta & ERR) 

｛ 

GPIBCleanup(Dev, "Unable to clear device"); 

exit(1); 

｝ 

return (Dev); 

｝ 

I*---------------------------------------------------------------*I 
int NA_gpib_init(void) 

｛ 

int Dev; 

Dev= ibdev(BDINDEX, PRIMARY_ADDR_OF_DMM, NO_SECONDARY_ADDR, 

TIMEOUT, EOTMDDE, EOSMODE); 

if (ibsta & ERR) 

｛ 

printf("Unable to open device¥nibsta = Ox%x iberr = %d¥n", 

ibsta, iberr); 

exit(1); 

｝
 

ibclr (Dev); 

if (ibsta & ERR) 

｛ 

GPIBCleanup(Dev, "Unable to clear device"); 
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exit (1); 

｝
 

return (Dev); 

｝ 

I*---------------------------------------------------------------*I 

int gpib_close (int Dev) 

｛ 

I* Take device local 

Idling(800); 

ibloc(Dev); 

if (ibsta & ERR) 

GPIBCleanup(Dev,"in gpib_close can not do ibloc¥n"); 

＊／ 

ibonl(Dev, O); 

return O; 

｝
 

I*---------------------------------------------------------------*I 

void GPIBCleanup(int Dev, char* ErrorMsg) 

｛ 

printf("Error : %s¥nibsta = Ox%x iberr = %d (%s)¥n", 

ErrorMsg, ibsta, iberr, ErrorMnernonic[iberr]); 

if (Dev != -1) 

｛ 

printf("Cleanup: Taking device off-line¥n"); 

ibonl (Dev, O); 

｝ 

｝ 

I*--------------------------------------------------------------- *I 

int GPIBCwrt(int Dev,char *str) 

｛ 

long sze = (long)strlen(str); 

int ret; 

ret = ibwrt(Dev,str,sze); 

if (ibsta & ERR) 

｛ 

GPIBCleanup(Dev,str); 
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exit (1); 

}; 

DB(fprintf(DEBUG_OUT,"debug GPIB write %s [=>%d]¥n",str,ret); 

fflush(DEBUG_OUT); 

DB_pause;); 

return (ret); 

｝
 

I*---------------------------------------------------------------*I 
int GPIBCrd(int Dev,char *str,long size) 

｛ 

int ret; 

char *ptr = str; 

ret = ibrd(Dev,str,size); 

if (ibsta & ERR) 

｛ 

GPIBCleanup(Dev,str); 

exit(1); 

｝ 

if (ptr!=NULL) 

while(*ptr!='¥n') ptr++; 

*(ptr+1) ='¥0'; 

DB(fprintf(DEBUG_OUT,"debug GPIB read %s [=>%d]¥n",str,ret); 

fflush(DEBUG_OUT); 

DB_pause; 

) ; 

return (ret); 

｝
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gpib _agg.c 

program name: gp1b_agg.c 

path: source/antennaGG2/gpib_agg.c 

comments : GPIB functions for Antenna Gigen Network Analazer 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <stdio.h> 

#include <stdlib.h> 

#include <malloc.h> 

#include <conio.h> 

#include 11comhead. h11 

#include <windows.h> 

#include 11decl-32.h11 

#include 11gpib.h11 

／＊ 

This version is for Antenna GIGEN network analyser 

＊／ 

I*---------------------------------------------------------------

Get the S magnitude measure 

---------------------------------------------------------------*I 

struct StructSMeasure AAG_Get_S_Measure(int Dev) 

｛ 

char tmp[51] = {'¥0'}; 

struct StructSMeasure ret; 

inti; 

/*Set Linear Magnitude *I 

I I GPIBCwrt (Dev, "LINM; ") ; 

// GPIBCwrt(Dev,"OPC?;WAIT;"); 
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I* Set ASCII format for data measurement *I 

I I GPIBCwrt (Dev, "FDRM4; "); 

I* Read data *I 

GPIBCwrt (Dev, "OUTPFORM; "); 

Idling(300); 

I* Get the Log Mag *I 

ret.magMean = (f、loat)O.O;

for (i=O;i<AGG_NA_POINT;i++) 

｛ 

GPIBCrd(Dev,tmp,50); 

tmp[24] ='¥0'; 

sscanf (tmp, "%f 11, &ret. mag [i]) ; 

ret.magMean += ret.mag[i]; 

Idling(30); 

}; 

ret.nbMea = AGG_NA_POINT; 

ret.magMean = ret.magMean/AGG_NA_POINT; 

return (ret); 

｝ 

I*---------------------------------------------------------------

Network Analyser settings 

---------------------------------------------------------------*I 

int AGG_NA_GPIBfreq_init(int Dev,int channel,int power_level,int nb_pt, 

int bandwith,int averf,float freq,int ref,char *name_meas) 

｛ 

char tmp[TMPM]; 

I* Reset the Network Analyser *I 

GPIBCwrt (Dev, "RST; 11) ; 

// GPIBCwrt(Dev,11DPC?;PRES;11); 

I* Authorize beep warning *I 

GPIBCwrt (Dev, "BEEPWARNON; ") ; 

I* Set channel to show measure *I 

sprintf(tmp, "CHAN%d",channel); 

GPIBCwrt(Dev,tmp); 
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I* define S measure *I 

sprintf(tmp, "%s;" ,name_meas); 

GPIBCwrt(Dev,tmp); 

/* Set Log Mag format to set ref line value *I 

GPIBCwrt (Dev, "LOGM; "); 

GPIBCwrt (Dev,"□PC?; WAIT;") ; 

Idling(300); 

I* reference line value (LDGM +-500dB,LINM +-500) *I 

sprintf(tmp,"REFV%ddB;",ref); 

GPIBCwrt(Dev,tmp); 

I* select number of point *I 

sprintf(tmp, "PDIN%d; 11,nb_pt); 

GPIBCwrt(Dev,tmp); 

I* IF bandwidth *I 

sprintf (tmp, 11 IFBW%dHz; 11, bandwi th) ; 

GPIBCwrt(Dev,tmp); 

I* Set frequency *I 

sprintf(tmp, "CWFREQ%2.6fGHz;",freq); 

GPIBCwrt(Dev,tmp); 

Idling(30); 

I* Set Power Level *I 

sprintf(tmp, "POWE%d;",power_level); 

GPIBCwrt(Dev,tmp); 

Idling(30); 

I*-------------Add *I 

/*Set Linear Magnitude *I 

GPIBCwrt (Dev, "LINM; "); 

GPIBCwrt(Dev,"OPC?;WAIT;"); 

I* Set ASCII format for data measurement *I 

GPIBCwrt(Dev,"FORM4;"); 

I*-------------*I 

I* averaging settings *I 

GPIBCwrt(Dev,"AVERDFF;"); 

Idling(30); 
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// sprintf(tmp, 11AVERFACT%d;11,averf); 

II GPIBCwrt(Dev,tmp); 

I* Wait until network finished all settings *I 
GPIBCwrt (Dev," OPC?; WAIT;") ; 

return (1); 

｝ 
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gpib _ atr.c 

program name: gpib_atr.c 

path: source/antennaGG2/gpib_atr.c 

comments : GPIB functions for ATR Network Analazer 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <stdio.h> 

#include <stdlib.h> 

#include <rnalloc.h> 

#include <conio.h> 

#include "comhead.h" 

#include <windows.h> 

#include "decl-32.h" 

#include "gpib.h" 

／＊ 

This version is for ATR network analyser 

＊／ 

I*---------------------------------------------------------------*I 

int Create_S_Measure(int Dev,int channel,char *name_meas) 

｛ 

char tmp[TMPM] = {'¥0'}; 

int ret = -1; 

if (name_meas != NULL) 

｛ 

sprintf (tmp, 11CALCULATE%d: PARAMETER: DEFINE'Perso_%s', %s11, channel ,name_meas ,name_meas); 

ret = GPIBCwrt(Dev,tmp); 
Idling(500); 

}; 

return (ret); 
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｝ 

I*---------------------------------------------------------------*I 

int Delete_S_Measure(int Dev,int channel,char *name_meas) 

｛ 

char tmp[TMPM] = {'¥0'}; 

int ret = -1; 

if (name_meas ! = NULL) 

｛ 

sprintf(tmp,"CALCULATE%d:PARAMETER:DELETE'Perso_%s',%s",channel,name_meas,name_meas); 

ret = GPIBCwrt(Dev,tmp); 

Idling(500); 

}; 

return (ret); 

｝
 

I*---------------------------------------------------------------*I 

struct StructSMeasure Get_S_Measure(int Dev,int channel,char *name_meas) 

｛ 

char tmp[TMPM] = {'¥0'}; 

struct Struct~Measure ret; 
float *ftmp; 

int k; 

I* Set the Log Mag 

sprintf(tmp,"CALCULATE%d:FORMAT MLOGARITHMIC",channel);*/ 

/*if MLINEAR *I 

sprintf(tmp,"CALCULATE%d:FORMAT MLINEAR",channel); 

GPIBCwrt (Dev, tmp); 

I* select S measurement *I 

sprintf(tmp,11CALCULATE%d:PARAMETER:SELECT'Perso_%s'",channel,name_meas); 

GPIBCwrt(Dev,tmp); 

I* Get the Log Mag *I 

sprintf(tmp,"CALCULATE%d:DATA? FDATA",channel); 

GPIBCwrt(Dev,tmp); 

Idling(300); 

GPIBCrd(Dev,tmp,TMPM-1); 

ftmp = String2FloatTable(tmp); 
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ret.nbMea = (int)ftrnp[O]; 

recopy_f2f(ret.nbMea,&ftrnp[1] ,ret.rnag); 

ret.rnagMean = (float)O.O; 

for (k=O;k<ret.nbMea;k++) 

ret.rnagMean += ret.rnag[k]; 

ret.magMean = ret.magMean/ret.nbMea; 

I* NOTE: we can avoid this part (calcul of phase) if it is note necessary *I 

#if MEAS_PHASE 

I* Set the phase *I 

sprintf(tmp,"CALCULATE%d:FORMAT PHASE",channel); 

GPIBCwrt(Dev,tmp); 

I* select S measurement *I 

sprintf(tmp,"CALCULATE%d:PARAMETER:SELECT'Perso_%s'",channel,name_meas); 

GPIBCwrt(Dev,tmp); 

I* Get the Phase *I 

sprintf(tmp,"CALCULATE%d:DATA? FDATA",channel); 

GPIBCwrt(Dev,tmp); 

Idling(300); 

GPIBCrd(Dev,tmp,TMPM-1); 

ftmp = String2FloatTable(tmp); 

ret.nbMea = (int)ftmp[O]; 

recopy_f2f(ret.nbMea,&ftmp[1] ,ret.phase); 

#endif 

return (ret); 

｝ 

I*---------------------------------------------------------------*I 

I* ! ! ! ! ! ! IMPORTANT freq in GHz ! ! ! ! ! ! ! *I 

int NA_GPIBfreq_init(int Dev,int channel,int num_win,int num_trace,int nb_pt, 

float freq,int power_level,char *name_meas) 

｛ 

char tmp[TMPM]; 

int retv; 

I* f ... preset *I 

GPIBCwrt(Dev,11SYSTEM:FPRESET11); 
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I* window settings *I 

I* check if the window already exist *I 

sprintf(tmp, "DISPLAY:WINDDW%d:STATE?",num_win); 

GPIBCwrt(Dev,tmp); 

GPIBCrd(Dev,tmp,TMPM-1); 

sscanf(tmp,"%d",&retv); 

if (retv != 1) 

｛ 

sprintf(tmp, "DISPLAY:WINDDW%d:STATE ON",num_win); 

GPIBCwrt(Dev,tmp); 

}; 

I* define S measure *I 

Create_S_Measure(Dev,channel,name_meas); 

sprintf(tmp, "DISPLAY:WINDDW%d:TRACE%d:FEED'Perso_%s'",nurn_win,num_trace,name_meas); 

GPIBCwrt(Dev,tmp); 

I* Set ASCII format for data measurement *I 

GPIBCwrt(Dev,"FORMAT:DATA ASCII"); 

I* initialize trigger *I 

I* automatic sweep *I 

sprintf(tmp,"INITJATE%d:CONTINUOUS ON; *DPC?",channel); 

GPIBCwrt(Dev,tmp); 

GPIBCrd(Dev,tmp,TMPM-1); 

I* All measurements in the channel made per trigger *I 

if (nb_pt > 1) 
｛ 

sprintf(tmp, "SENSE%d:SWEEP:TRIGGER:POINT OFF",channel); 

GPIBCwrt(Dev,tmp); 

sprintf(tmp, "SENSE%d:SWEEP:POINTS %d",channel,nb_pt); 

GPIBCwrt(Dev,tmp); 

｝ 

else 

sprintf(tmp,"SENSE%d:SWEEP:TRIGGER:POINT ON",channel); 

I* select continue wave and frequency value *I 

sprintf(tmp, "SENSE%d:SWEEP:TYPE CW",channel); 

GPIBCwrt(Dev,tmp); 

sprintf(tmp, "SENSE%d:FREQUENCY:CW %2.6f GHz",channel,freq); 

GPIBCwrt(Dev,tmp); 
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I* power level *I 

sprintf(tmp, 11SOURCE%d:POWER1 %d11,channel,power_level); 

GPIBCwrt(Dev,tmp); 

return (1); 

｝ 

I*---------------------------------------------------------------*I 

I* this function is not used *I 

int NA_GPIBparam_init(int Dev,int channel,int num_win,long start_freq, 

long stop_freq,long power_level,int nb_pt) 

｛ 

char tmp[TMPM]; 

int retv; 

I* preset *I 

GPIBCwrt(Dev,"SYSTern:FPRESET"); 

I* window settings *I 

I* check if the window already exist *I 

sprintf(tmp, "DISPLAY:WINDDW%d:STATE?",num_win); 

GPIBCwrt (Dev, tmp); 

GPIBCrd(Dev,tmp,TMPM-1); 

sscanf(tmp,"%d",&retv); 

if (retv != 1) 

｛ 

sprintf(tmp, "DISPLAY:WINDOW%d:STATE ON",num_win); 

GPIBCwrt(Dev,tmp); 

}; 

GPIBCwrt(Dev,"TRIGger:SEQuence:SCOPe ALL"); //One trigger will trigger all channels 

f* GPIBCwrt(Dev,"DISPlay:WINDow1:TRACe1:FEED'My_S11"'); *I 

sprintf(tmp,"INITiate%d:CONTinuous OFF; *DPC?",channel); 

GPIBCwrt(Dev,tmp); //set MANUAL SWEEP and wait for completion 

GPIBCrd(Dev,tmp,TMPM-1); //when read, then completion 

sprintf(tmp, "SENSe%d:SWEep:TRIGger:POINt DFF",channel); 

GPIBCwrt (Dev, tmp); / /set all points to be read per trigger event 

sprintf(tmp, "SENSe%d:SWEep:POINts %d",channel,nb_pt); 

GPIBCwrt(Dev,tmp); 
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sprintf(trnp, "SENSe%d:FREQuency:STARt %g",channel,start_freq); 

GPIBCwrt(Dev,tmp); 

s p r i n t f ( t mp , " S E N S e % d : F R E Q u e n c y : S TO P ゚んg " , c h an n e l , s t o p _ f r e q ) ; 

GPIBCwrt(Dev,tmp); 

sprintf(tmp, "SOURce%d:POWer %g",channel,power_level); 

GPIBCwrt (Dev, tmp); 

return (1); 

｝ 
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freqexpt.c 

program name : freqexpt.c 

path: source/antennaGG2/freqexpt.c 

comments : Function(s) for inspecting the effect of frequency 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "Apiaio.h" 

#include "comhead.h" 

#include "adaptive.h" 

#include "dalink.h" 

#include "gpib.h" 

#include "mfunc.h" 

int Frequence_Power_Measure (int Dev,int ch,HANDLE hdrv,FILE *fp,float freq_center) 

｛ 

WORD outbuf[NBVOLTAGE] = {O}; 

AOUT ipaout; 

int k,dwret; 

float lpow,rangeMin,rangeMax,step,ind; 

extern WORD Ch_Def[]; 

ipaout.Channels = NBVOLTAGE; 

ipaout.OutBuf = outbuf; 

ipaout.OutChNo = Ch_Def; 

fflush(stdin); 

printf("Frequence range minimun (MHz) . :11); 

scanf(11%f11 ,&rangeMin); 

printf("Frequence range maximun (MHz) . :11); 

scanf(11%f11,&rangeMax); 
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printf("Step (MHz) .................... :"); 

scanf("%f",&step); 

printf("----Set the voltages ----¥n"); 

I* Set the initial voltages *I 
for (k=O;k<ipaout.Channels;k++) 

｛ 

int val; 

val= VDLT_MAX+1; 

while (!(val<=VOLT_MAX && val>=VDLT_MIN) 

｛ 

printf("Initial Voltage on Element%d (%d:%d)[ch:%d] <= ",k+1,VOLT_MIN,VDLT_MAX,Ch_Def[k]); 

scanf("%d",&val); 

}; 

outbuf[k] = (WORD)(val -VDLT_MIN); 

fprintf(fp, "#Voltage element%d =¥t%d;¥n" ,k+1,val); 

}; 

f p r i nt f ( f p , " # c e n t r al f r e qu e n c e : ゚ん2 . 6 f ; ¥ n " , f r e q _ c e n t e r ) ; 

fprintf(fp,"#frequence range : %5.6f,%5.6f;¥n",rangeMin,rangeMax); 

f p r i nt f ( f p , " # f r e qu e n c e s t e p : ゚ん5 . 6 f ; ¥ n " , s t e p ) ; 

fprintf(fp,11¥n#Freq offset (MHz)¥tpower (dB)¥tpower (linear)¥n"); 

I* output the voltages *I 
dwret = AioOut(hdrv,&ipaout); 

if (dwret!=O) 

printf ("Error in: DAOutput [Ox%xh] ¥n", dwret); 

Idling(500); 

I* Measure the power *I 
for (ind=rangeMin;ind<=rangeMax;ind+=step) 

｛ 

Set_frequence (Dev,ch,freq_center,ind); 

lpow = MeasurePower(Dev,ch); 

fprintf (fp, "½。5.6f\t%f\t%2.6f\n",ind,20.0*1og10(lpow),lpow);

printf("%5.6f¥t%f¥t%2.6f¥n",ind,20.0*1og10(lpow),lpow); 

｝
 

return (1); 
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｝
 

／＊ 

IMPORTANT ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

IN THIS FUNCTION 

FREQ_CENTER IS IN ****GHz***** 

FREQ_OFFSET IS IN ****MHz***** 

＊／ 

int Set_frequence (int Dev,int ch,float freq_center,float freq_offset) 

｛ 

float freq; 

char tmp[TMPM]; 

int ret; 

freq= freq_center + (freq_offset/(float)1000.0); 

if (freq<O) 

｛ 

printf("Mega giga fatal Error : negative frequence value %f¥n",freq); 

exit(1); 

｝ 

I* Set frequency *I 

#if (NA_VERSION==ATR_VER) 

sprintf(tmp, "SENSE%d:FREQUENCY:CW %2.6f GHz",ch,freq); 

#else 

sprintf(tmp, "CWFREQ%2.6fGHz;",freq); 

#endif 

ret = GPIBCwrt(Dev,tmp); 

Idling(500); 

return (ret); 

｝ 

169 



voltexpt.c 

progra111 narne : voltexpt.c 

path: source/antennaGG2/voltexpt.c 

comments : Function(s) for inspecting the effect of voltage(s) 

*

／

＊

 

／

＊

／

 

ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

Last modification: 

7 September 2001, add of option --omni 

＊／ 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "Apiaio.h" 

#include "comhead.h" 

#include "adaptive.h" 

#include "dalink.h" 

#include "gpib.h" 

#include "mfunc.h" 

int Voltage_Power_Measure (int Dev,int ch,HANDLE hdrv,FILE *fp) 

｛ 

WORD outbuf[NBVDLTAGE] = {O}; 

ADUT ipaout; 

int eltNotSet,step,rangeMin,rangeMax,k,eltVolt; 

float lpow; 

extern WORD Ch_Def[]; 

ipaout.Channels = NBVOLTAGE; 

ipaout.OutBuf = outbuf; 

ipaout.OutChNo = Ch_Def; 

fflush(stdin); 
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eltNotSet = 7; 

while (eltNotSet>6 11 eltNotSet<1) 

｛ 

printf("Elernent choose (1:%d) .. :",ipaout.Channels); 

scanf("%d",&eltNotSet); 

｝ 
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rangeMin = VDLT_MIN-1; 

rangeMax = VOLT_MAX+1; 

while (rangeMin>rangeMax 11 rangeMin<VOLT_MIN 11 rangeMax>VDLT_MAX) 

｛ 

printf("Range minimun (%d:%d). :",VDLT_MIN,VOLT_MAX); 

scanf("%d",&rangeMin); 

printf("Range maximun (%d:%d) . :",VDLT_MIN,VOLT_MAX); 

scanf("%d",&rangeMax); 

｝ 

I* Set the initial voltages *I 
for (k=O;k<ipaout.Channels;k++) 

｛ 

int val; 

if (k!=(eltNotSet-1)) 

｛ 

val= VDLT_MAX+1; 

while (! (val<=VDLT_MAX && val>=VOLT_MIN)) 

｛ 

printf("Initial Voltage on Element%d (%d:%d)[ch:%d] 

k+1,VOLT_MIN,VOLT_MAX,Ch_Def[k]); 

scanf("%d",&val); 

く＝＂， 

}; 

outbuf[k] = (WORD)(val -VOLT_MIN); 

fprintf(fp,"#Voltage element%d =¥t%d;¥n",k+1,val); 

｝ 
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else 

fprintf(fp,"#Voltage element%d =¥tvariable;¥n",eltNotSet); 

}; 

fprintf(fp,11¥n#Voltage range : %d;%d;¥n",rangeMin,rangeMax); 

fprintf(fp, "#step : %d;¥n11 ,step); 

fprintf(fp,"¥n#Element%d¥tpower (dB)¥tpower (linear)¥n",eltNotSet-1); 

I* Measure the power *I 

for (eltVolt=rangeMin;eltVolt<=rangeMax;eltVolt+=step) 

｛ 

int dwret; 

outbuf [eltNotSet-1] = (WORD) (eltVolt -VOLT_MIN); 

dwret = AioOut(hdrv,&ipaout); 

if (dwret ! =O) 

printf("Error in: DAOutput [Ox%xh]¥n",dwret); 

Idling(300); 

lpow = MeasurePower(Dev,ch); 

fprintf(fp,"%d¥t%f¥t%2.6f¥n",eltVolt,20.0*log10(lpow) ,lpow); 

printf ("%d¥t%f¥t%2. 6f¥n", eltVol t, 20. 0*1og10 (lpow), lpow); 

｝
 

return (1); 

｝ 

int Voltage_Power_Measure_all (int Dev,int ch,HANDLE hdrv,FILE *fp) 

｛ 

WORD outbuf[NBVOLTAGE] = {0}; 

AOUT ipaout; 

int step,rangeMin,rangeMax,k,eltVolt; 

float lpow; 

extern WORD Ch_Def[]; 

ipaout.Channels = NBVOLTAGE; 

ipaout.OutBuf == outbuf; 

ipaout.OutChNo == Ch_Def; 

172 



fflush(stdin); 

rangeMin = VOLT_MIN-1; 

rangeMax = VOLT_MAX+1; 

while (rangeMin>rangeMax 11 rangeMin<VOLT_MIN 11 rangeMax>VOLT_MAX) 

｛ 

printf ("Range minimun Cんd:%d) . : ", VOLT _MIN, VOLT _MAX) ; 

scanf("%d",&rangeMin); 

printf("Range maximun (%d:%d) . :",VOLT_MIN,VOLT_MAX); 

s c an f ( " ゚んd " , & r an g e M ax ) ; 

｝ 

step= O; 

while (step<1 I I step>1000) 
｛ 

printf ("Step (1: 1000) 

s c an f ( " ゚んd " , & s t e p ) ; 

｝ 

: II) ; 

fprintf(fp,"¥n#Voltage range : %d;%d;¥n",rangeMin,rangeMax); 

fprintf(fp,"#step : %d;¥n",step); 

I* Measure the power *I 

for (eltVol t=rangeMin; el tVolt<=rangeMax; eltVolt+=step) 

｛ 

int dwret; 

for (k=O;k<ipaout.Channels;k++) 

｛ 

outbuf[k] = (WORD)(eltVolt -VOLT_MIN); 

}; 

dwret = AioOut(hdrv,&ipaout); 

if (dwret!=O) 

printf("Error in: DAOutput [Ox%xh]¥n",dwret); 

Idling(300); 

lpow = MeasurePower(Dev,ch); 

fprintf(fp,"%d¥t%f¥t%2.6f¥n",eltVolt,20.0*1og10(lpow),lpow); 

printf(11%d¥t%f¥t%2.6f¥n",eltVolt,20.0*log10(lpow),lpow); 

｝
 

173 



return (1); 

｝ 
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n1func.h 

progran1 name : mfunc.h 

path: source/ antennaGG 2 /mfunc.h 

comments : Miscellaneous function declarations 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <windows.h> 

#include <stdio.h> 

#include <math.h> 

#include "apiaio.h" 

#include "dalink.h" 

#ifndef MFUNC_H 

#define MFUNC_H 

int Voltage_Power_Measure (int Dev,int ch,HANDLE hdrv,FILE *fp); 

int Set_frequence (int Dev,int ch,float freq_center,float freq_offset); 

int Frequence_Power_Measure (int Dev,int ch,HANDLE hdrv,FILE *fp,float freq_center); 

int Voltage_Power_Measure_all (int Dev,int ch,HANDLE hdrv,FILE *fp); 

#endif 

175 



• 
1111SC.C 

program na1ne : misc.c 

path: source/antennaGG2/misc.c 

comments : Miscellaneous functions 

＊

／

 

／

＊

 
ESPAR control (C) Taillefer Eddy ATR-ACR 2001 

#include <stdio.h> 

#include <stdlib.h> 

#include <malloc.h> 

#include <windows.h> 

#include <math.h> 

#include "gpib.h" 

#include "comhead.h" 

I*---------------------------------------------------------------*I 

void recopy_f2f (int n,float *f1,float *f2) 

｛ 

int i; 

for (i=O;i<n;i++) 

f2[i] = fi[i]; 

｝ 

I*---------------------------------------------------------------*I 

I* convert a string of float value in a float table 

first element is the table size 

ex : 111.0,2.5E+02,0.00311 -> {4; 1.0; 2.5E+02; 0.003} 

＊／ 

float *String2FloatTable(char *str) 

｛ 

I* this define creates some limitations *I 

static float ret [MAX_MEAS] = {(float)O.O}; 

if (str != NULL) 

｛ 
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char *ptr; 

int cpt,i; 

I* count number of values *I 

ptr=str; 

cpt=O; 

while((*ptr!='¥0') && *ptr!='¥n') 

｛ 

if (*ptr++==',') 

cpt++; 

}; 

cpt = (cpt+1) % MAX_MEAS; 
ret[O] = (float)cpt; I* array size= cpt + 1 *I 

I* get the values *I 

ptr=str; 

for (i=1;i<cpt+1;i++) 

｛ 

sscanf(ptr,"紅",&ret[i]); 

I* go to next *I 

while((*ptr!='¥0') && *ptr++!=','); 

}; 

}; 

return (ret); 

｝ 

177 


	001
	MX-4111FN_20200930_141448



