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Performance Analysis for W-Band Antenna Alignment Using Accurate 

Mechanical Beam Steering 

This article presents a study of antenna alignment impact on Bit Error Rate 

(BER) for a wireless link between two directive W-band horn antennas where 

one of them is mechanically steered by a Stewart platform. Such a technique is 

applied to find the optimal alignment between transmitter and receiver with an 

accuracy of 1° both in azimuth and elevation angles. The maximum degree of 

misalignment which can be tolerated is also reported for different values of 

optical power in the generation of W-band signals by photonic up-conversion. 

Keywords: mechanical steering, antenna alignment, W-band transmission, 

photonic up-conversion 

1. Introduction 

The continuous increasing demand for higher bandwidth and capacity has led to the 

transition from conventional wireless bands (800 – 2600 MHz) to millimetre wave 

frequencies (30 – 300 GHz). The combination of wireless links together with photonics 

techniques for signal generation, processing and distribution has been postulated as one 

of the most promising options for next generation cellular communications [1]-[3]. 

However, some challenges arise when operating at millimetre wave frequencies, such as 

high free space path loss, atmospheric absorption and non-line of sight propagation. As 

a consequence, highly directive antennas are needed, imposing very strict alignment 

conditions. Accurate beam steering implementations, with the ability to tune the beam 

to maximize the power budget are required [4]. Moreover, frequency bands with lower 

atmospheric attenuation characteristics are preferred. W-band (75 – 110 GHz) is 

considered as one of the main candidates [5][6]. 

Several techniques have been proposed over the years to steer antenna´s beam 

direction, including mechanical steering, beamforming [7], reflectarrays [8] or lens 



antennas [9]. In particular, mechanical steering refers to manually turning the antenna to 

face the direction of interest, in general by means of electric motors. A limiting factor 

for this method is the antenna size and weight. However, at millimetre wave 

frequencies, antennas can be made small enough to adopt this method. The main 

advantages of mechanical techniques are the simplicity and the fact that antenna gain is 

maintained over the whole steering range. MEMS devices have also been widely 

explored for implementing mechanical steering, offering higher speed of scanning [10]. 

In this letter, a mechanical steering approach, based on a Stewart platform, is 

used to study the alignment performance of a W-Band wireless link. Real-time 

measures of Bit Error Rate (BER) are taken in order to find the optimum alignment and 

the maximum degree of misalignment which can be tolerated. 

2. Antenna Steering 

The solution adopted in this paper for beam steering consists in placing the antenna on a 

Stewart platform. This device is a commercially available robot based on a 6-axis 

(XYZ, Pitch, Roll and Yaw) actuator system arranged in parallel between two 

platforms, based on a direct drive mechanism with brushless DC motors (BLDC) 

(Physik Instrumente PI H-811.D2). It is composed of six adjustable-length struts which 

can carry out linear motions, each one equipped with one actuator, reference and limit 

switches. However, the main reason for using a Stewart Platform robot is its very high 

resolution (40 nm for a single actuator) and repeatability (±0.06 µm). It allows the 

movement with six degrees of freedom: three translational axes (X, Y and Z) and three 

rotational axes (W or azimuth angle, V or elevation angle and U angle). 

 

 



 

Figure 1. Stewart platform coordinate system. The platform can be moved with six 

degrees of freedom: XYZ coordinate system and the rotation coordinates U, V and W. 

 

The Stewart platform specifications allow the mounting of a light horn antenna 

operating at W-band (figure 1) on it. The antenna can be moved over the whole range 

achievable by the platform in the six coordinates maintaining the same radiation 

characteristics. In this study, the steerable antenna is placed on the receiver part. 

However, the principle of reciprocity in antennas assures the same results if the Stewart 

platform were placed on the transmitter side. 

3. Experimental Setup Description 

The experimental setup is shown in figure 2 and consists of a fixed transmitter and a 

receiver placed on the moving platform. At the transmitter side, a pulse pattern 

generator (PPG) feeds a SFP+ module with a 2.5 Gbit/s 215 − 1 bit long pseudorandom 

bit sequence (PRBS15) non-return-to-zero (NRZ) signal. The optical output of the SFP+ 

module has an extinction ratio of 9 dB.  The  optical  power  of  the  signal  is  

controlled using  an  optical  attenuator  (VOA1)  and  an  EDFA  amplifier before  

being  launched  into  10  km  of  standard  single-mode fiber (SSMF), representing a 

typical optical link.  



 

Figure 2. Experimental setup.  PPG:  pulse pattern generator,  SFP+:  enhanced small 

form factor pluggable, VOA: variable optical attenuator, EDFA: erbium-doped  fiber  

amplifier,  SMF:  single  mode  fiber,  LO:  local  oscillator,  PC: polarization controller, 

OSA: optical spectrum analizer, PD: photodiode, MPA: medium power amplifier, LNA: 

low noise amplifier, ED: envelope detector, BT: Bias tee, CLK: Clock, BERT: Bit-

error-rate tester. 

 

Afterwards, the signal  is coupled with an external cavity laser (ECL) acting as a 

tuneable local  oscillator  (LO)  whose  output  power  is  controlled  by  a second 

attenuator (VOA2). The frequency difference between the two signals is 81 GHz as can 

be seen on figure 3. Then, the RF signal is generated through the optical heterodyning 

up-conversion method on a high bandwidth photodiode (PD) [3][5]. As a consequence, 

the W signal with a carrier frequency of 81 GHz is generated. Another VOA  is  placed  

to  control  the  optical  power  incident  on  the photodiode 𝑃𝑃𝐷 and  performing  BER  

measurements.  In the electrical domain, the RF signal is amplified 8 dB by a medium 



gain power amplifier and transmitted using a  horn antenna with a gain of 24 dBi 

through an air distance of 2 m.  

 

Figure 3. Optical spectra measured before the heterodyning up-conversion. The 

frequency  difference  between  the  modulated  signal  and  the  LO  signal  is  81GHz. 

 

At the receiver station, a second 24 dBi horn antenna is used to recover the 

signal. Subsequently, the signal is amplified by a LNA with a gain of 40 dB and 

demodulated using an envelope detector (ED) based on a Schottky diode with a nominal 

3 dB bandwidth of 3GHz. These elements are mounted on the hexapod, allowing the 

receiver to move with 6 degrees of freedom.  Finally, a clock  recovery  stage  provides  

the  data  and  timing  signals to  a  Bit  Error  Rate  Tester  (BERT)  to  perform  the  

real  time measurements. 

4. Experimental Results 

The presented results show the system performance, in terms of Bit Error Rate (BER), 

for different orientations in angle and position of the receiver. Specifically, the 

measures have been done with respect to W and V angles and the position in the YZ 



plane. Firstly, the experiment has been done for the complete functional range of the 

Hexapod in W and V angles, thereby determining the complete alignment scenario on 

each coordinate, which corresponds with the point of minimum BER. The second goal 

is to find out what is the maximum degree of misalignment which can be tolerated. For 

that purpose, a typical forward error scheme (FEC) with 7% overhead is assumed, 

obtaining a limit in BER of 3.8 ×  10−3. 

Figure 4a shows the real time measures of the BER doing a full sweep in azimuth angle 

for an incident optical power on the PD of 2 dBm and 3 dBm. With perfect alignment, a 

negligible error is achieved with 𝑃𝑃𝐷 = 3 𝑑𝐵𝑚. As the degree of misaligned is 

increased, the BER increases in an approximately symmetrical way. The small 

differences are caused by reflections on the walls and nearby objects since the radiation 

pattern of the horn antennas should be completely symmetrical. It can also be seen that 

the two curves have the same slope. In the case of 𝑃𝑃𝐷 = 3 𝑑𝐵𝑚, the results shows that 

the operating range spreads between ±10° around the minimum BER and between -7° 

and +6° for 𝑃𝑃𝐷 = 2 𝑑𝐵𝑚. 

The same measures have been taken for V angle, as is presented in figure 4b. 

Again, the optimum alignment is determined by the minimum BER and the symmetric 

patterns can be seen as well as the fact that both curves are almost parallel. The obtained 

results are below the FEC limit between ±8° for 𝑃𝑃𝐷 = 3 𝑑𝐵𝑚 and between ±6° in case 

of 𝑃𝑃𝐷 = 2 𝑑𝐵𝑚. Another effect that can be observed both in W and V graphs is that 

the increase in BER is much slower in the vicinity of the complete alignment point than 

for higher values of misalignment. It can be explained in terms of the radiation pattern 

of directive antennas, which concentrates the energy transmitted/received in a narrow 

beam. This is proved in figure 4c, where BER is plotted with respect to 𝑃𝑃𝐷 for three 

equispaced values of V. The BER increases as the power at the PD decreases with 



approximately the same tendency in the three curves. However, although the angle 

between them is the same, the shift between V=4 and V=2 is higher than between V=0 

and V=2. 

Finally, figure 4d presents a surface and its projection representing the BER with 

respect the position of the receiver antenna in the YZ plane (horizontal and vertical 

displacements) with 𝑃𝑃𝐷 = 2 𝑑𝐵𝑚. The movement in these coordinates is more limited 

because of the Hexapod characteristics, so it is not possible to reach FEC limit. 

However, it gives an idea of the system behavior when both antennas are close to be 

aligned. In spite of some irregularities caused by reflections, the surface is almost 

symmetrical with a minimum in the point of complete alignment. It proves the 

importance of an accurate alignment when using directive antennas since the BER 

increases with small changes in position. 

In view of these results, a high accurate alignment is achieved by adjusting first 

in angle (azimuth and elevation) and then in vertical and horizontal position with a 

resolution of one degree and two millimeters respectively. 



 

Figure 4. Experimental results. A) Plot of BER with respect to W rotation coordinate. 

B) Plot of BER with respect to V rotation coordinate. C) Plot  of  BER  with  respect  to  

optical  power  on  the  PD  for  different angles in V. D) 3D surface of BER with 

respect YZ plane. 

5. Conclusion 

This letter presented a performance study of antenna alignment in a RoF scenario where 

the receiver antenna is mechanically steered with a high accuracy Stewart platform. 

Real-time measurements, transmitting a 2.56 Gb/s NRZ signal at a carrier frequency of 

81 GHz have been done over a 2 m wireless link. The position of the receiver antenna 

has been varied with a resolution of 1° both in azimuth and elevation angles and 2 mm 

in horizontal and vertical displacements, obtaining the optimum point for reducing the 

BER (error free transmissions can be achieved) and the range where it is maintained 



below the FEC limit, ±10° around the complete alignment point in W angle and ±8° in 

V angle with an incident optical power on the PD of 3 dBm. Decreasing 𝑃𝑃𝐷, alignment 

conditions becomes more strict, and the functional range reduces to approximately ±6° 

in both angles. It is proved that the antenna alignment is a crucial parameter to increase 

the power budget when directive antennas are used and an accurate method for beam 

steering is needed. Our results serve as engineering guidelines for the design of future 

W-band wireless communication systems, which require beam steering technologies to 

overcome the stringent alignment requirements due to the high directivity of the 

antennas. 
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