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Abstract 

The scattering Properties of Wideband Dual-Polarized Vivaldi Antenna for MIMO OTA test 
system was measured using three non-overlapping 2 GHz sub-bands within 1.35-7.25 GHz. 
The measurements were performed in two orientations with three different link distances 
(radius of 1.0 m, 1.5 m, and 2.0 m).  

1 Introduction 

Developing a MIMO OTA (Multiple-In-Multiple-Out Over-The-Air) test systems is under 
investigation at the moment in industrial companies and scientific communities. Mobile devices 
are already containing multiple radio interfaces in different frequency bands, and in the future, 
when demands for data rates will increase related today, the LTE and LTE Advanced with 
multiple  antennas will  play a  major  role  [1].  This  is  setting demands for  the MIMO OTA test  
system which can create a repeatable and realistic radio channel conditions to measure data 
transmission properties of a portable MIMO device. 

One  part  of  the  MIMO  OTA  test  system  is  transmitting  antennas  located  around  the  test  
zone [2][3]. The antennas need to offer good polarizations properties when, at the same time 
they need to create variable radio channel conditions within the test zone. When OTA antennas 
are placed around the test zone, they will also radiate by scattering from other OTA antennas to 
the device under test (DUT). This might need near-field calibration method to neglect such 
effects [4]. 

One option is  to  use wideband OTA antennas to cover  wireless  standards under  test.  This  
can be fulfilled e.g. by using dual-polarized Vivaldi antenna implemented in a cross form, 
previously studied in [5]-[7]. This kind of Vivaldi structure is not very common when 
considering two orthogonal polarizations. More common way to implement orthogonal 
polarization by using Vivaldi antennas is to place them along the outer edge of each element [8]. 

This paper presents scattering properties of a wideband dual-polarized Vivaldi antenna for 
MIMO OTA test system at 1.35-7.25 GHz, previously presented in [7]. The scattering 
properties are compared between a directive Vivaldi antenna and omni-directional discone 
antenna at 2 GHz resolution bandwidth. 

2 Measurement setup and method 

Figure 1 (a) presents the schematic of the measurements setup to measure scattering inside a 
MIMO OTA test zone from the neighbouring scattering antenna (Vivaldi). The receiving 
antenna (RX) inside the test zone is omni-directional vertically polarized ARA CMA 11B/A 
discone antenna [9]. The measurements are done with two transmitting (TX) antennas, where 
the first one is dual-polarized directional Vivaldi, and the second one omni-directional vertically 
polarized ARA CMA 11B/A. The height of the scatterer, TX, and RX antennas is 1 m from the 
floor. The measurements are performed at 1.35—7.25 GHz frequency band, where the lower 
band is limited by ARA, and the higher band by Vivaldi. The frequency band is measured in 
2 GHz sub-bands which yield a delay resolution of 0.5 ns. Using IFFT, the measured transfer 
functions (S21) are transformed into input-delay spread functions (=‘impulse responses’) which 
contain the same information in the delay domain. The measurement results are compared 
between the transmitting antennas. 
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 (a) (b) 

Fig. 1: (a) presents the measurement setup to measure scattering properties of dual-polarized 
Vivaldi, whereas in (b) the two measured antenna orientations (0° and 45°) are shown. 

 
The link between TX and RX antenna is fixed to 1.0 m, 1.5 m, and 2.0 m. The distance of 

the scatterer from the RX antenna is the same as the link distance. The dimensions are chosen so 
that the radius of the MIMO OTA test system stays in a reasonable size. Dual-polarized Vivaldi 
antenna is used as a scatterer in every measurements setup which both ports are terminated to 
standard 50  load 

The  angle is swept in 5° steps from 10° to 180° with link distances (radius r of the circle) 
1.5 m and 2.0 m. At radius of 1 m the angle was swept from 15° to 180°. This limitation is due 
to the physical  size of  TX and scatterer  antenna.  Figure 1 (b)  presents  the 0° and 45° antenna 
orientations to measure scattering. When Vivaldi is as a TX antenna, both TX and scatterer have 
the same orientation, whereas RX/TX ARA is always vertically polarized. All the 
measurements were also done in the free space to rule out the measurement environment from 
the scattered field. 

3 Measurement results 

Figure 2 shows the normalized power scattered from the Vivaldi in delay domain. The distance 
between the scattering antenna and the TX antenna gives directly the expected path difference, 
where  is the angle of the scattering Vivaldi antenna at distance of r from the RX antenna (see 
Figure 1). This curve is matched on the delay axis in Figure 2 with a solid black line. Scattered 
power is collected from the tracked path d, using delay gate of six samples, and thereafter 
averaged over the 1.35-7.25 GHz bandwidth and plotted in relation to the LOS power. Figure 3 
shows relative scattered power for Vivaldi-ARA link (vertical polarization), and for ARA-ARA 
link (vertical polarization). It is evident in from Fig 3 (a) and Fig. 3 (c) that the reflected power 
increases when the scatterer moves into the main lobe of the Vivaldi antenna. Notice in Fig. 3 
(b) that the first sample for circle radius of 1.0 m (red curve) shows some leakage from the LOS 
power, and therefore indicates a higher scatterer level compared to the other curves at the same 
distance. 

The results indicate that the Vivaldi, due its narrow beam width, illuminates the scatter 
antenna at some 10 dB lower level than the omni-directional ARA antenna. In TX Vivaldi case 
the scattered power level is less than 35 dB below the LOS power level, going down to 50 dB 
below LOS at 180° angle. In TX ARA case the scattered power level is less than 20 dB below 
the LOS power level, going down to 45 dB below LOS at 180° angle. Fig 3 (a) and Fig 3 (c) 
indicate that the receiver possibly is too close to the near field of TX Vivaldi at distance of 
1.0 m (red curve) 

 
 

45° 
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 (a) (b) 

Fig. 2: Scattered power (vert. polarization) related to the LOS component as a function of  
at 3.25—5.25 GHz, and 1m link distance, (a) with TX Vivaldi antenna, (b) with TX ARA 

antenna. The black curves represent the expected path difference of propagation reflected from 
the scatterer antenna. 
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 (c) (d) 

Figure 3. Scattered power related to the LOS power as a function of  
(a) TX Vivaldi antenna (0° orientation), (b) TX ARA antenna (0° orientation) 

(c) TX Vivaldi  antenna (45° orientation), (d) TX ARA antenna (45° orientation). 
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4 Conclusions  

The scattering properties of the studied Vivaldi antenna were measured at 1.35—7.25 GHz 
and compared between directional TX Vivaldi, and omni-directional discone TX antenna (ARA 
antenna). Moreover, two different scatterer orientations were measured in 0° (vertical) and 45° 
around the symmetry axis. The measurement results for TX ARA indicate that average 
scattering level is more than 20 dB in respect to the LOS level. For TX Vivaldi, the scattering 
level is 35 dB below LOS. The results of omni-directional antenna show that the OTA antenna 
should be directive to decrease the scattering from the neighbouring antennas. It was noticed 
that  in  TX  ARA  case  the  scattered  power  follows  pretty  well  the  radar  theory  (radar  cross-
section is  assumed to be constant),  even if  the scatterer  is  in  the near  field at  low angles.  The 
scattering level was observed to be highest when antennas are closely placed. This should be 
taken into account when OTA antenna positions are organised, e.g. in a cluster form, to create 
different radio channel conditions. 

As a discussion, the scattering performance study was conducted for a single scatterer and 
did not account superposed reflections from multiple scatterers on a system level. If the number 
of OTA antennas is changed e.g. from 8 to 16 or more, the scattering will most probably 
increase when, at the same time OTA antennas are more closely spaced. 
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