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Analysis of Iterative Phase Retrieval Approach to
Optimize Amplitude Measurement Parameters

Sudheer K. Jawla, J.-P. Hogge and S. Alberti

reduction phase reconstruction approach made with the

Abstract—This paper describes a thorough analysis made with theoretical field profiles of ‘EU 170GHz/2MW coaxial cavity
the Iterative Error-Reduction Approach (IERA) for t he gyrotron for ITER’ [4].
determination of phase profiles of the output micravave beam of
a gyrotron from known amplitudes. Based on theoretal field
profiles of 170GHz/2MW coaxial gyrotron, a numericd/statistical ll. ITERATIVE PHASE RETRIEVAL APPROACH
approach is used to study the accuracy of Iterativephase The IERA is outlined briefly as follows: the field of an

retrieval algorithm. Several measurement parameters are electromagnetic wave at-th plane can be written as,
optimized to get more accuracy during the infrared

measurements of intensity thermograms of the microave beam. U (X’ Y:4 )zA x.y) eXp[W x.y)]. Where A(X’ y) and
#@(x,y) are wave amplitude and phase at th@ plane

respectively. The fieldy at a later distance is given as
u (xy.z)=F*{expl @ -2 K, }Flu (xy.2)} ()
whereF andF “denotes the Fourier transform and its inverse
he motivation of this study is to develop an appropriatespectively. Iteration method is shown below in figure (1)
methodology to calculate the accurate phase profile of - z
microwave beam from measured intensity thermograms. F« A1 @ | sz R
this purpose IERA [1] is studied in more detail emphagizi e AZ ' @5
on some basic parameters, which has never been conside
before, issues like scan separation, plane dimension, rzesh s
and measurement accuracies which become more of an iss
at higher frequencies. ~ ~ Lo mopagaion
Though other methods are also being studied for phas A_L @ A2’<02
reconstruction, the error reduction approach seems to bie me
accurate in general in case of gyrotrons. Other methods, ik
Transport of Intensity Equation (TIE) [2], solve the neait of where, A,A, and A, A, is measured and calculated field
wave _equation congideri_ng it as an eIIip'Fic partial_ diﬁe_reqtiaa[mp"tudes in two planes and z respectively. The criterion
equation. The main difficulty with this equation is itStq stop the iteration is expressed as,
boundary behavior because the value of phase at the boundary o
is difficult to measure. Therefore a number of people E" =L ‘A, - A dS, <¢, @)
suggested alternative algorithms to solve this probleno, Als o ) .
proper phase solution must satisfy the other part of waWd'ere the subscript means the value after i‘hﬂ_aeraﬂon and
equation which to our knowledge has not been considered?i is a set of given small values. The mtggral is performed on
the case of TIE approach. Furthermore, in TIE an accurdfl¢ Surface of. The phase reconstruction algorithm can be
estimate of intensity derivative along z direction needs closef?Sily extended to any number of cross section and in this
spaced intensity measurements that depend on the waveleN§PhK thrée cross sections are considered. _ _
of the microwave beam (Gaussian) and it's spreading anngThe main issues which affect thg reconstruction algorithm
the propagation direction. and needs to be incorporated during the measurements and

The moment irradiance approach [3] works well only if th@'€asured data processing are discussed as follows.
beam pattern contains a minimal fraction of higher order 1)- The propagation method used in the above algorithm is
modes. the angular spectrum propagation [5] as it is better suited f

Here we present a detailed analysis of the iterative erfdfr field propagation because of sampling reasons. Analysis
is made depending on sampling frequency in Fourier space
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Fig. 1Phase reconstruction in two cross sections.
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approximation to the true phase then convergence to a gandhe phase retrieval method. For this purpose, theesgjpn
solution will be achieved with small effort. In generak th in eq. (1) must be corrected for the shift in the beam ceftre o
initial choice should be either a flat phase or a quadraticephagavity at each plane location for experimentally measured
function which normally resemble the phase of a Gaussignofiles. For an arbitrary shaped beam propagating in a
beam. The initial phase choice is the only parameter, whicimiform media, the beam center of gravity x-coordinate varies
can be altered during the retrieval process with measured dataarly with z and is calculated as,
because when measurements are done, the scan separation and K
plane dimensions are fixed. A certain amount of randomness (z -2z) ”kfx
needs to be associated with these choices in order to fully<|zl ,x>=<|; ,X>+ i z
assess the ‘phase problem’ from a statistical point @f.vie :

3). One of the important tasks in the algorithm is to skoo . . . . . :
mesh spacing and mesh dimension. To obtain correct reSUIté iSlmllar expression holds for y-coordinate accordinglye Th

is crucial that the mesh spacing should be sufficiently sm&prrection term based on the above expression is introdiuced

and mesh dimensions sufficiently large. Since, during - (1) as,

measurements the camera pixels are fixed, therefore one needs F [ui XY,z )] X exp{i € -z )(Z] X
to interpolate the measured data. Also, for the angular 4
spectrum propagation, we can choose equal object and targe't'i (xy,z)=F exp[i (kX<Iq ,x>+ ky<lq y>)}
pixels. Some of the results are shown below for an /
optimization of scan separation and mesh dimensions starting
for a theoretically calculated RF beam. In figure (2),
reconstruction efficiency is plotted for three planes with scan The above discussed analysis and an appropriate data
Separations dl and d2 between ﬁrst to Second and fll1$|lrﬂb t f||ter|ng technique/defective piXeI correction method will be
planes respectively. In figure (3), the reconstructed ar@Pplied to the measured data to calculate the phase of the

theoretical phases are plotted in x and y cross sectigidoe output microwave beam of 118GHz and 170GHz gyrotron.
number 2 for case A of figure (2). For the IR measurements, the target material to be used in the

experiment is also optimized for the thickness at the two

B 2
0, (k,.k, )| dk,dk,

2 [l (.. k)| k.,

correction factor

Reconstruction efficiency
1 frequencies using free space method. From the measured
0% | gfsfd_ﬁ 24 complex permittivity, material thickness is optimized to
s | d2=0297; minimize the back reflections from the target. For the
. Case-B materials like macor/robax, a wrong selection of the théskn
5097 g;gi; §R can give rise to large back reflection inside the gyrotron that
%()_96 TR can seriously effect the whole operation of the gyrotron.

Case-C
d1=0542
d2=0.92 zg CONCLUSION

0.5

| — First Pt
04 | — Secorda;!eawe I . . )
| ThrdPere || Zg = 1305.4 mm This analysis concludes that if the measurements are made
0%," n ®» o ® © 0 close to the beam waist position (gyrotron window @Jamith
Iteration small scan separations and an optimized choice of other

Fig.-2: The reconstruction efficiency is plotted lwiespect to the number  parameters, one can determine the phase to a good accuracy.
of iterations using different scan separations @ases A, B and C for an

initial random phase guess, d1 is the distancedwivplane 1 and 2, d2 is

the distance between plane 1 and3represents the Rayleigh length. ACKNOWLEDGMENT
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