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Abstract— Sparse spherical arrays have grating lobes due 

to large element spacings. Aperiodic spacing can reduce the 
grating lobes, however random approaches typically increase 

the average sidelobe level. This paper explores the use of a 
deterministic hierarchical random-like distribution based on 
the low-discrepancy Van der Corput sequence. Array pattern 

results are presented for hemispherical arrays with element 
spacings larger than one wavelength and we show that this 
approach removes the grating lobes while allowing one to add 

or remove elements without needing to recalculate positions.   

Index Terms—aperiodic array, conformal array, 

hemispherical array, phased array, sparse array. 

I.  INTRODUCTION 

Spherical arrays have several advantages over planar 

technologies when scanning the main beam, such as low 

polarization loss, low gain loss as a function of scan angle, 

and beam pointing that is independent of frequency [1]-[4]. 

However, these arrays are usually large and have many 

elements which makes them expensive. Typically, designers 

try to minimize the number of elements on the aperture, but 

the increased element spacing produces grating lobes that 

degrade the array performance. For a dense array, thinning 

and aperiodic spacing are used to lower sidelobe levels [4]-

[6], but for sparse arrays with element spacings larger than 

one wavelength, low sidelobes are not an option due to the 

grating lobes. In this work we present the use of a 

hierarchical deterministic random-like distribution [7]-[9], 

namely Halton sampling, for sparse hemispherical arrays. 

We show that the proposed element distributions eliminate 

the grating lobes while using only about 22% of the elements 

in a fully populated array. 

II. ELEMENT SAMPLING ON A HEMISPHERICAL SURFACE 

A. Concentric Ring  

Hemispherical arrays with elements equally distributed 

around concentric rings yields a symmetrical element lattice 

when the beam points at nadir. While other, such as pseudo-

rectangular or pseudo-triangular can be used, have more 

uniform lattices compared to concentric rings. As an 

example, a hemispherical array of isotropic elements with a 

sphere diameter of 10λ is shown in Fig. 1 (a) **Need to 

show and label axes on figure**. The element spacing in 

theta and phi are set to 0.5λ, so the full array has 2509 

elements. In these hemispherical arrays, not all the elements 

are active at once, and typically an active region is selected 

to scan the beam in the desired direction. In the studies 

reported in this work, we consider a beam at nadir and an 

active region of about 25 degrees in theta, which corresponds 

to 9 concentric rings at the top with this element spacing. 

The radiation pattern of this array appears in Fig. 1 (a).  It 

can be seen in Fig. 1 (b) that with this element spacing 

produces low sidelobe levels at a cost of a large number of 

elements.  

 
(a) 

 
(b) 

Fig. 1.   (a) Concentric ring element placing on the hemispherical array 

with 0.5λ spacing in theta and phi. (b) Array pattern.  

 

B. Hierarchical Low-Discrepancy Sampling Sequence  

Sparse arrays use fewer number of elements compared to 

dense arrays, however, the large element spacing results in 

grating lobes that degrade the array performance. Random 

element grids are typically used approaches can be used to 

remove the periodicity but have multiple problems [4]. Here 

we explore a different approach that uses a hierarchical 

deterministic random-like distribution. The hierarchical 

property allows one to add or remove elements without the 

need to recalculate element locations. Our approach is based 
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on the Van der Corput sequence, and a hierarchical 

distribution to a two-dimensional grid by Halton sampling. 

The sequence is given by  
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where, b is the prime base in which number n is represented 

and ak is an integer in [0, b ─ 1]. Halton sampling is given 

by 
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where b1 and b2 are two different prime bases. A cosinus 

mapping is then used to project these points onto the 

hemisphere [3]. 

III. SPARSE HEMISPHERICAL ARRAYS 

We consider two examples of sparse hemispherical 

arrays using the proposed approach. The dense array in 

section II had 274 active elements. We reduce the number of 

active elements to 90, which corresponds to an element 

spacing of 1.1λ for the concentric ring array. The Halton 

sampling uses the same number of elements in the active 

region. The array geometries and the radiation patterns are 

given in Fig. 2. With uniform sampling grating lobes are 

appearing in the visible region, and the peak sidelobe level 

(PSLL) is about -9.97 dB. On the other hand, the Halton 

sampling shows a much-improved radiation pattern with no 

grating lobe, and a PSLL of about -13.76 dB. Increasing the 

sparsity level further, we only use 61 elements in the active 

region. Due to the hierarchical property, there is no need to 

recalculate the Halton points, and the last 29 points are just 

removed. The array geometries along with the radiation 

patterns are given in Fig. 3, where we note that again the 

Halton sampling can remove the grating lobes. The PSLL for 

the uniform and Halton samplings are -5.36 and -11.08 dB, 

respectively.  
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Fig. 2.   Element placing on the hemispherical array: (a) concentric ring, (b) 

Halton sampling. Array pattern with concentric ring (c), and Halton (d), 

distributions. For the concentric ring, the element spacing in theta and phi 
is 1.1λ. 
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Fig. 3.   Element placing on the hemispherical array: (a) concentric ring, (b) 

Halton sampling. Array pattern with concentric ring (c), and Halton (d), 
distributions. For the concentric ring, the element spacing in theta and phi 

is 1.24λ. 
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IV. CONCLUSIONS 

This paper explores the use of a deterministic hierarchical 

low-discrepancy sampling for sparse hemispherical arrays. 

We compare the proposed approach to concentric ring 

arrays, and we show that the proposed element distributions 

can remove the grating lobes while using only about 22% of 

the elements of a dense array. 
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