
MMA Memo 171: Optimization of an Array Con�gurationMinimizing Side LobesL. Kogan1(1) - National Radio Astronomy Observatory, Socorro, New Mexico, USAMay 6, 1997AbstractThe analytical expression for the �rst derivative of the array beam by the speci�c array elementshift is obtained. Using this expression it is possible to optimize the array con�guration shifting thearray elements in accordance of the derivative value. The criterion of the optimization can be selectedas minimization of the worse side lobe at the each selected cross section as well as minimization of theworst side lobe at the whole selected range of the angles. A task in AIPS frame is written to apply thealgorithm for the optimization. The task provides the optimisation of the array's element positionand plots the array's pattern for initial and found con�guration as well as the con�gurations itself.We consider the main result of this investigation is a demonstration of the tool which can be usedfor optimization of the side lobes of designed arrays. Even if the recommended con�guration is notaccepted for di�erent reasons it is useful to know how far the side lobes of the accepted con�gurationare from the \ideal one". The o�ered analysis can answer on this question.1 The approach to the problemLet's suppose the vector ~ri determines the position of the array element at the aperture of the arraymeasured at wavelengths. Then the beam pattern of the array is determined by all available baselinesand can be veri�ed by the following equationP (~e) = 1N2 NXk=1 NXn=1 e�i2�(~rk�~rn)�~e = 1N NXk=1 e�i2�~rk�~e � 1N NXn=1 ei2�~rn �~e = jU (~e)j2 (1)where ~e is the vector of the direction on the skyU (~e) = 1N PNn=1 ei2�~rn �~e = is a voltage beam patternN is the number of elements in the array.Evaluating the derivative of (1) we can obtain the following expression of the beam di�erentialdepending on a shift of the given element:dP~rn(~e) = 4�(~e ��~rn)N2 NXk=1 sin 2� (~rk � ~rn) � ~e (2)where dP~rn(~e) is the beam value change at the direction ~eif ~rn is changed by �~rn 1



Combining equations (1) and (2) we can �nd the expression of relative change of the beam patterndepending on a shift of the given element:dP~rn(~e)P = 4�(~e ��~rn)PNk=1 sin 2� (~rk � ~rn) � ~e���PNn=1 ei2�~rn�~e���2 (3)2 Examples of applicationI wrote a task in AIPS frame which provides the optimization of the side lobes for the given numberof the cross section and the given range of the angles relatively of the perpendicular direction to thearray aperture. Two algorithm of optimization are available: minimization of the worse side lobe at eachselected cross section and minimization of the worst side lobe at the whole range of the angles. Ten crosssections at the the range (0 � 10�) with the step 18� have been selected. The partern of the array wasestimated for the each cross section at the range of the angles from zero to twenty main lobes. The taskcalculates the di�erential of the array respond at the given direction for each element of the array andfound the element correction following the formula:dx(n) = �G � dP~rn � cos(�)dy(n) = �G � dP~rn � sin(�) (4)where � is the angle of the cross section of the array patternG is the gain at the iteration loop.The correction for each array element is calculated interactively. At each iteration the position of theworse side lobe at each direction is estimated and new correction of the array elements is applied. Thevalue of the gain in the loop is being found empirically although it is clear that the gain has to be less thanl. I used gain at the range 0.0001 - 0.01. The task provides the plots of the initial and optimized arraypatterns and its con�gurations. I have applied the algorithm to circle arrays with gomogenios distributionof the elements along the circumference. The number of the array's elements varied from 12 to 40. Theresult is illustrated by �gures (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15). The new found arrays haveseveral times lower side lobes at the whole range of selected dirrections. The new found con�gurationsare very di�erent from initial circular one as long as the number of elements increases. Figures (16, 17,18) demonstrate the algorithm application to the 40 elements array o�ered by M. Holdaway for MounaKea ([2]). Figures (19, 20, 21) demonstrate the algorithm application to the 12 elements array o�ered byT. Cornwell ([1]). In spite of the fact that the initial 12 element array is optimal by criteria of maximumdistance between the U; V points ([1]) the side lobes are not optimal. The new found array has at leasttwo times lower side lobes.3 ConclusionThe o�ered method works only for snapshot type of observations. The synthesis using the Earth rotationcan bring a di�erence. So the found con�gurations have to be checked at the full aperture synthesis schemeat the larger range of the angles. We consider the main result of this investigation is a demonstration ofthe tool which can be used for optimization of the side lobes of designed arrays. Even if the recommendedcon�guration is not accepted for di�erent reasons it is useful to know how far the side lobes of the acceptedcon�guration are from the \ideal one". The o�ered analysis can answer on this question.References[1] T.J. Cornwell, MMA memo 38, 1986 2



[2] M.A. Holdaway, MMA memo 111, 1994
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