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Abstract—This paper investigates the feasibility of designing 
conformal reflectarrays on cylindrical surfaces, which provides 
insight into many radiation characteristics of conformal 
reflectarrays. A general array theory formulation is described 
that can be applied to any conformal reflectarray geometry. 
Convex and concave surfaces are studied and the radiation 
patterns, directivity, and bandwidth of these conformal 
reflectarrays are compared with planar designs. It is shown that 
for applications where a curved platform is available, sector 
reflectarrays can be a suitable design that achieves a similar 
performance to planar arrays. 
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I.  INTRODUCTION 
The printed reflectarray antennas imitate the conventional 

parabolic reflectors by using a planar array of phased elements, 
while having low profile and low mass features. They combine 
the advantages of both printed arrays and high gain parabolic 
reflectors and create a new generation of high gain reflector 
antennas. These low cost antennas are quickly finding 
applications in satellite communications, contoured beam space 
antennas, cloud/precipitation radars, and commercial usages 
[1]. Considering the large number of elements on the 
reflectarray aperture, full-wave analysis and design of the 
antenna is still quite challenging and various approaches have 
been developed to calculate the far-field radiation pattern of the 
reflectarray [2]. 

Low profile printed antennas flush mounted on singly 
curved surfaces such as cylinders, represent an important class 
of conformal arrays that have been used in many experimental 
radar and communication systems [3]. Cylindrical array 
antennas are mainly utilized when full azimuth scanning is 
required; however in many practical applications where a 
curved platform is available, such as missiles, ships and 
aircrafts, full azimuth scanning is not required. For these 
applications, sector arrays, where the elements occupy a sector 
of subtended angle are appropriate [4]. 

The aim of this study is to investigate the feasibility of 
designing sector reflectarrays on conformal cylindrical 
surfaces. In addition the analysis of this canonical problem 
provides insight into many radiation characteristics of 
conformal reflectarrays. Both convex and concave surfaces are 
studied and the performances of these reflectarrays are 

compared with planar designs. It is demonstrated that a 
reflectarray antenna mounted on a cylindrical surface can 
achieve a similar radiation pattern with slight reduction in gain. 
In addition sector reflectarrays mounted on concave cylindrical 
surfaces can achieve a significant bandwidth improvement. 

II. ANALYSIS METHOD 
The numerical approaches developed for planar reflectarray 

antennas can be generalized to analyze the performance of 
conformal reflectarrays; however the scattering characteristics 
of curved surfaces are more complicated. The analysis of the 
performance of reflectarrays on curved surfaces is also 
complicated by the fact of the edge taper variation and 
depolarization effect [5]. Nevertheless, when the cylinder is 
electrically large, microwave optics approaches are suitable for 
the analysis. Therefore, a generalized array theory formulation 
can be used to calculate the radiation pattern of the conformal 
reflectarray. 

     Conventional array theory is implemented here to calculate 
the far-field radiation pattern of a conformal reflectarray 
antenna. The radiation pattern of the conformal array with 
M×N elements can be calculated as 
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where A is the element pattern vector function, I is the element 
excitation vector function, mnr  is the position vector of the mnth 
element. The geometry of the reflectarray system is given in 
Fig. 1. 

     For the element pattern function A, a cosine q model is used 
for each element, however in general the element pattern in the 
two principal planes will not be symmetric due to the curvature 
of the surface. Many conformal arrays have a cos1.5 behavior in 
the strong coupling plane, and a cos1 behavior in the weak 
coupling plane [6]. Furthermore, in almost all conformal 
antennas, the element pattern peak is normal to the local 
surface, so the peaks will not all point in the same direction as 
the planar arrays. 

     The element excitation function I(m,n), is determined by 
the incident field and element property. By approximating the 
feed horn pattern function using a cosine q model and taking 

365978-1-4244-9561-0/11/$26.00 ©2011 IEEE AP-S/URSI 2011



into account the Euclidian distance between the feed horn and 
the element, the illumination of the aperture can be obtained. 
The element excitation can then be obtained as 
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Here, f is the spherical angle in the feed coordinate system 
and 

fr  is the position vector of the feed. In addition, for each 
element this excitation must take into account the receive 
mode pattern, i.e. | mn|. This pattern is, also, modeled by a 
cosine q function based on the local element coordinates. The 
required phase delay of the mnth element mnφ , is adjusted to set 
the main beam in the 

oû  direction. 

oû

mnr

fr

(m,n) th element

Z

Y

X

Main beam 
direction

Observation 
direction

û

  
 

Figure 1. The generalized coordinate system of the reflectarray antenna. 
 
     With the element pattern and aperture illumination defined 
the radiation pattern of a conformal reflectarray antenna can 
be obtained using (1). The radiation pattern calculation 
method described here uses a generalized array summation 
technique. It has been shown that the array theory formulation 
will yield good main beamwidth, beam direction, and general 
pattern shape [1]. 
 

III. NUMERICAL RESULTS 
     The numerical approach, presented in this paper, is applied 
to sector reflectarray antennas mounted on cylindrical surfaces. 
The cross section of the conformal sector reflectarray system is 
shown in Fig. 2, where concave and convex surfaces are 
compared with their planar counterpart. For the reflectarrays 
studied in this section the curvature of the surface is in the yz 
plane. 

     In order to understand the effect of curvature on the 
performance of the reflectarray, ideal phasing elements are 
used in these analyses and it is assumed that the elements 
phase does not vary with frequency. Also the element pattern 
is modeled as a cos1 function in both planes with the pattern 
peak normal to the surface. The reflectarray configurations 

studied here are fed with a prime focus feed horn and are 
designed to generate a beam in the broadside direction. For the 
horn model used in this study, the power q of the feed 
radiation pattern is 6.5 at 32 GHz and varies linearly from 5 at 
30 GHz to 8.3 at 34 GHz. 

 
Figure 2. Cross section of the conformal cylindrical reflectarray system.  
    

-40 -20 0 20 40
-60

-50

-40

-30

-20

-10

0

θ (degrees)

R
ad

ia
tio

n 
P

at
te

rn
 (

dB
)

 

 
Concave
Convex
Planar

 
(a) 

-40 -20 0 20 40
-60

-50

-40

-30

-20

-10

0

θ (degrees)

R
ad

ia
tio

n 
P

at
te

rn
 (

dB
)

 

 
Concave
Convex
Planar
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Figure 3. Radiation patterns of the reflectarray antennas at the design 

frequency: (a) xz plane, (b) yz plane.  
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     The radiation patterns of these conformal reflectarrays with 
an f/D = 0.75 and a cylinder radius of 20  are given in Fig. 3. 
In all designs the array aperture is 20 ×20  and the element 
spacing is half-wavelength at the design frequency of 32 GHz. 
It can be seen that radiation patterns similar to the planar 
design can be obtained, however the convex design shows a 
slightly wider beamwidth in the plane of curvature (yz-plane). 
Similarly the concave design has a slightly narrower beam in 
the yz-plane. This is mainly due to the effect of the element 
patterns which are normal to the local surface. 
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Figure 4. Antenna directivity at the design frequency versus: (a) cylinder 
radius, (b) f/D. 

 
     Figure 4 (a) compares the effect of surface curvature for 
these conformal reflectarrays with a fixed f/D ratio of 0.75. It 
can be seen that for conformal reflectarrays as the radius of the 
cylinder increases, the antenna directivity will also increase. In 
addition in comparison between the conformal designs, the 
concave array shows a higher directivity. However as the 
radius of the cylinder increases (approaching a planar surface), 
the difference between these designs reduces. Figure 4 (b) 
compares the directivity of conformal reflectarrays on a 
cylinder with a radius of 20  for various f/D ratios. It can be 
seen that for all designs increasing the f/D ratio increases the 

directivity of the array. Similarly in comparison between the 
conformal designs, as the f/D ratio increases, the concave 
design shows a higher directivity. It should be noted that in all 
cases studied here, the planar array shows a higher directivity 
than the conformal arrays; however the difference is less than 
0.5 dB. 

     The numerical results presented here demonstrate the 
capability of designing reflectarrays on curved surfaces with 
comparable performance to their planar counterparts. However 
another important concept in the performance of reflectarrays is 
their bandwidth performance. Comparison between the 
directivity bandwidth of a planar reflectarray and conformal 
reflectarrays with a cylinder radius of 20  and 40  is given in 
Fig. 5. 
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Figure 5. Normalized antenna directivity versus frequency for planar and 

conformal reflectarrays: (a) Rc = 20 , (b) Rc = 40 . 
 

     It can be seen that in both designs the concave array has the 
widest bandwidth while the convex array shows the smallest 
bandwidth. Similar results were observed for various cases, 
however as the cylinder radius increases, the difference in the 
bandwidth of these designs reduces. In addition, comparison 
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between the bandwidth of conformal reflectarrays for various 
cylinder radiuses showed that for the concave design, as the 
cylinder radius increases, the bandwidth increases initially but 
reduces as it passes a certain radius value. For the convex 
design however, the bandwidth increases monotonously as the 
cylinder radius increases. 

The general array theory formulation given here can be 
applied to any conformal reflectarray geometry such as 
spherical reflectarray; however the main challenge for arbitrary 
curved surfaces is the analysis of unit-cells. For the cylindrical 
reflectarrays studied here, as long as a multi-faceted surface is 
a good approximation to its curved counterpart, the unit-cell 
data from planar surfaces can be used in the analysis. It should 
be noted that since in most cases the reflectarray dimensions 
are in the order of /2, this approximation would be applicable 
to the analysis of reflectarrays mounted on cylinders with a 
large radius. 

IV. CONCLUSIONS 
This paper presents our initial theoretical studies for the 

analysis of reflectarrays on cylindrical surfaces. A general 
array theory formulation is described that can be applied to any 
conformal reflectarray geometry. Both convex and concave 

reflectarrays on cylindrical surfaces are studied and the 
performances of these reflectarrays are compared with planar 
designs. It is demonstrated that for applications where a curved 
platform is available, sector reflectarrays can be designed 
which can achieve a similar radiation pattern to planar arrays 
with slight reduction in gain. In addition comparison of the 
bandwidth of these antennas shows that sector reflectarrays 
mounted on concave cylindrical surfaces can achieve wider 
bandwidths than the planar reflectarray. 
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