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Motivation 
1. Complex beams play important roles in wireless 

communications, radar, and satellites, and have attracted great 
interest in recent years. 

2. The design of complex beams is an array synthesis problem, 
which aims to find the excitation vector of the array. 

3. Analytical approaches have fast speed, but they have limited 
applications, for example, suitable only for linear arrays with 
equal spacing and few elements.  

4. Stochastic optimization methods have been widely used, but 
they feature slow convergence, extensive computations, or 
even prohibitive costs. 
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Method 
The pattern of array can be written as  

where 

and 

where       represents the weighting factor of the nth elements, and R and I stand for 
the real and image parts of a number, respectively. 
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Method 
Taking the cosecant and flat-top beams as examples, the problems are 

We transform the above problem into the following form: 

It is a semidefinite relaxation (SDR), and the rank-one constraint is realized by the 
rank minimization solution. The above form can be solved by convex optimization, 
which is fast and efficient. 

. 
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Method 
We design a 25*25 element array whose weighting factors are determined by the SDR method to give cosecant 
beam. The optimization time is 27.7 s and the memory consumption is 4.8 MB, being fast and efficient. 
We further implement the array by using an amplitude-and-phase coding metasurface composed of C-shaped 
elements, and measured the sample in microwave anechoic chamber. The results are in good agreement with the 
calculation.  

The C-shaped element The fabricated metasurface Measurement scenario 

Schematic illustration Weighting factors of the array The results 
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Method 
We further use the method to design arrays giving flat-top and double beams, and verify them by experimental 
measurements. The optimization times are 31.9 and 15.3 s, respectively, and the memory consumptions are 46.2 
and 7.5MB, respectively. The consumptions are quite low and attractive for embedded implementation. 

Weighting factors of the array for giving flat-top beam The results of flat-top beam 

Weighting factors of the array for giving double beams The results of double beams 
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Conclusions 

1. We presented a fast and efficient approach to realize 
complex beams by using semidefinite relaxation (SDR) 
optimization. 

2. We applied the approach in designing  complex beam 
patterns with cosecant, flat-top, and double shapes based 
on amplitude-phase coding metasurfaces.  

3. We verified the designs by both full-wave simulations and 
experimental measurements in microwave anechoic. Front In
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