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Abstract: An efficient analysis method to design 
optimum sparse array scheme is presented. Using 
this method, we could find optimum periodic sparse 
array patterns, in which dominant grating lobes 
due to receive sparse array are eliminated by 
transmit sparse array beam pattern. We also found 
that effective apertures of these patterns have a 
smooth shape. The proposed method was verified 
through computer simulation results for a simple 
case. 
 
Introduction 
 

Currently, most medical ultrasound scanners are 
employing receive dynamic focusing (RDF) with array 
transducers. The main-lobe width of ultrasound beams 
by RDF is inversely proportional to aperture size. A 
most general way to improve the lateral resolution is 
therefore using a large number of elements. However, 
this results in the accompanying increase in hardware 
complexity.  

On the other hand, for size and cost issues, small 
portable scanners should use a limited number of 
active channels, which reduces the aperture size and 
consequently degrades the spatial resolution. To 
minimize the sacrifice in image quality, a customary 
method is to use sparse array techniques[2-4]. Sparse 
array techniques have been used to increase the 
aperture size effectively without using more elements. 
Since the array elements are sparsely distributed, 
however, sparse array patterns should be properly 
designed so as to suppress the elevation of unwanted 
high grating lobes. 

In this paper, we present an efficient analysis 
method to design optimum sparse array. For this 
analysis, we define a periodic sparse array model, and 
describe a method for designing optimum sparse array 
patterns for sector scanning with 1D phased array. Our 
method is based on the far field CW beam pattern of 
receive and transmit arrays. First, grating lobe 
positions of sparse arrays with equal element spacing 
are analyzed. Then, for a given receive sparse array 
pattern, an optimum transmit sparse array pattern is 
determined, which can eliminate the most dominant 
grating lobes (usually the nearest one to the main lobe). 

In this way, optimum sparse array schemes for any 
receive sparse array patterns can be found. We also 
found that when the receive and transmit sparse arrays 
of such optimum sparse arrays are convolved, we 

always get smooth effective apertures, of which the 
beam pattern does not show high grating lobes.  

Computer simulations were performed to verify the 
analysis method and some optimum sparse array 
patterns are presented. 
 
Analysis Methods 
 

Figure 1 illustrates the geometry of conventional 
receive dynamic focusing using a fully sampled array in 
sector phased array scanning, where θ0=sin-1u0 denote 
the steering angle, and d is element pitch.  

 

 
 
Figure 1: Geometry for receive dynamic focusing with 
fully sampled arrays. 
 

The continuous wave lateral beam pattern produced 
by this array can be expressed by [1] 
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In equations (1) and (2), 

TN  and 
RN  represent the 

number of active transmit and receive elements, 
respectively, k  wave number, and d  element spacing of 
a phased array to be used. Фe(u) in eauaiton (2) 
represents the far-field beam pattern of a single element, 
given by )/(sin λduc . Equation (2) shows that as the 
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aperture size Nd  increases, one  can get  better lateral 
resolution.  

It is also well known that the first grating lobe is 
observed at 

 
duu /0 λ±= . (3) 

 
Since u  and 0u  have magnitude not greater than 1, 
grating lobe will not exist d<λ/2. Our analysis is 
limited to the case where the array to be used satisfies 
this condition.  

The fully sampled array in figure 1 has been 
successfully used to provide a required image 
resolution by using a proper number of active elements. 
However, for small scale ultrasound scanners, the 
number of active elements must be limited to meet size 
and cost requirements. It results in degradation of 
image resolution because of the reduced aperture size. 

A simple way to effectively increase the aperture 
size is to use sparsely distribute active elements, so 
called sparse array techniques. However, uniform 
sparse arrays produce the unwanted grating lobes, 
because the effective element spacing would be greater 
than λ/2. 

We will find optimum conditions of designing 
transmit and receive array that can eliminate or reduce 
the dominant grating lobes, by means of analysis 
method for periodic sparse array patterns. 

Figure 2 illustrates the model of periodic sparse 
array patterns used in the proposed analysis method, 
where L consecutive elements are used in the interval 
of P elements. We will define P/L as sparseness factor. 

 

 
 
Figure 2: A model to represent periodic sparse array 
patterns. 
 

The lateral one-way beam pattern of this model can 
be written as  
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Where PN respresents  the number of P element 
intervals so that LNN P=   is the number of total 
active elements. Equation (4) is identical to equation 
(2) except for the weighting function )'(uWL  which is 
the beam pattern of the L active elements in each 
interval. In equation (4), )'(uPΨ  governs the main 
beam pattern, of which half main lobe width is 

)/( PdNPλ . Since PNP  is greater than LNN P=  if the 

sprseness factor P/L is greater than 1, it can be said that 
sparse arrays provide improved resolution than fully 
sampled arrays (P/L=1) when the same number of active 
elements are used in both schemes. However, )'(uPΨ  
has grating lobes at )/(' Pdnu λ=  which do not exist in 
case of the fully sampled array. 

)'(uWL  has a main response whose half width is 
given by )/(Ldλ which is much greater than )/( PdNPλ .    
Therefore, )'(uWL can be ignored when the main 
response of the overall beam pattern is concerned. 
However, it is interesting to note that )'(uWL has null 
positions at )/(' Ldmu λ= . This property will be used 
to suppress the most dominant grating lobe of sparse 
arrays. 

 

(a)

(b)  
 

Figure 3: Effective aperture plots for (a) PT=4, LT=PR=2, 
LR=1 and (b) PT=3, LT=PR=2, LR=1. 

 
The first rule to avoid the elevation of grating lobes 

in sparse array imaging is not to use sparse array 
patterns that produce grating lobes at the same positions 
on both transmit and receive. In case that the P and L 
parameters of transmit and receive arrays are given by 
(PT, LT) and (PR, LR), respectively, this is possible if PT  
and PR are co-prime. We found that the better way is to 
select (PT, LT) and (PR, LR) such that the null positions 
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of )'(uWL  of transmit or receive beam pattern are 
located where dominant grating lobes, representing 
ones located at the same position in both transmit and 
receive, occur. Based on this method, the optimum 
conditions of designing periodic sparse array can be 
written as 

 
1 , ,2 === RTRTT LLPLP  (5) 

 
Sparse array has also been designed using so called 

effective aperture approach [2-4]. Figure 3 shows two 
effective aperture shapes, one satisfying the conditions 
in (5) (panel (a)) and the other not (panel (b)). 
Specifically, PT=4, LT=PR=2, LR=1 for panel (a) and 
PT=3, LT=PR=2, and LR=1 for panel (b). We can see 
from figure 3(b) that the effective aperture is not 
smooth although PT and PR are co-prime. However, 
figure 3(a) shows that if the conditions in (5) are met, 
the resulting effective aperture has a smooth shape. 
Note that on transmit sparseness factor for figure 3(b) 
is larger than that for figure 3(a). 

 
 
Results and Discussion 
 

Figure 4 shows the beam pattern of the sparse array 
pattern used for figure 3(a) where the beam patterns of 
the transmit and receive arrays are plotted by a dotted 
line and dashed line, respectively, and their overall 
beam pattern is plotted by a solid line. In this 
simulation, 32 element phased array with center 
frequency of 3MHz was used.. 

 

 
 
Figure 4: Spatial beam pattern of a sparse array 
scheme for the case where PT=4, LT=PR=2, and LR=1. 

 
The transmit and receive sparse arrays produce 

grating lobes at different locations because PT=4 and 
PR=2. The first grating lobe of the transmit beam 
pattern is significantly reduced due to the low side 
lobe levels of the receive beam pattern in its vicinity. 
In addition, the transmit beam pattern does not have 
grating lobe at 2/1/' =λdu (second one) because it is 

cancelled by its WL(u'). As a result, grating lobes are 
successfuly suppressed in the overall beam pattern. This 
result agrees well with the theoretical analysis. 

Figure 5 shows the computer generated phantom 
imagies for the conventional beamforming technique (a) 
and the sparse array scheme in figure 4(b). The 
convnetional beamforming was performed using 32 
elements of a phased array with the center frequency of 
3MHz and only 16 elements were used in sparse array 
imaging. Due to the successful grating lobe reduciton, 
method produces almost the same image in terms of 
spatial resolution as the conventional beamforming 
method. 

 

 
 

Figure 5 : The simulation images by (a) conventional 
beamforming method and (b) sparse array method with 
PT=4, LT=PR=2, LR=1. 

 
Conclusions 
 

In this paper, we present an analysis method for the 
design of optimum periodic sparse array patterns, which 
was verified through computer simulation results for a 
simple case. Other sparse array patterns for various 
sparseness factors (L/P) can be easily found using the 
same method. We believe that such schemes can be 
effectively used in small portable imaging systems. 
Further work will consider the solution for the other 
array transducers like as linear and curved linear array. 
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