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Introduction 

This white paper discusses a study of wireless connectivity of electronic devices in the Wi-Fi band. For accuracy, the analysis will use 

of the full polarimetric information for each device’s antenna pattern. Without loss of generality, the study focuses on wireless 

connectivity between lamps and light switches in an indoor environment. The goal of the study is to set guide lines for spacing between 

wall-mounted switch boxes and ceiling-mounted lamps, as well as guide lines for spacing between lamps. 

 

Challenges 

Wireless connectivity between electronic devices is an essential condition for many modern applications, such as “Internet of Things” 

(IoT), Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) communication, smart homes, smart cities, sensor networks, and 

many other applications. Often, the connectivity relies on small integrated antennas operating at low power levels. Simulation before 

deployment is essential to ensure that systems will work as intended in a complicated environment. Altair Feko and WinProp are ideal 

for this purpose. Altair Feko simulates antennas and antenna placement on/in devices and objects, and Altair WinProp uses the Feko 

results for propagation analysis in a large-scale complicated environment, either indoor or outdoor. 

In this study, we focus on wireless connectivity, in the Wi-Fi band, between lamps and light switches. In both cases, the antenna, which 

is small, is mounted on a low-power integrated circuit (IC), which in turn is mounted on a small printed circuit board (PCB) and located 

inside the switch box or inside the lamp. The switch box is mounted in a wall, while the light fixture is recessed in the ceiling. Detailed 

Feko simulations of the antennas in the switch boxes and the lights produce the relevant antenna patterns with, for every angle, the full 

polarimetric information. Those are used in WinProp in a detailed simulation of a smart home to determine received power at many 

locations. Knowing the receiver sensitivity, guidelines are formulated for distances between light switches and lamps, as well as 

separations between lamps. 

 

Computational Methods 

The main numerical methods for rigorous simulation are the Method of Moments (MoM), the Finite Element Method (FEM) and the 

Finite-Difference Time-Domain (FDTD) method. All are represented in Altair Feko. For the antennas and the lamps in which they are 

mounted, a rigorous simulation is required. We choose to use the MoM (or its accelerator MLFMM, Multi-Level Fast Multipole Method) 

because it doesn’t require the inclusion of an additional air volume around the antenna in the computational domain.  

For wireless connectivity in a building or city that is orders of magnitude larger than the wavelengths, rigorous methods would take too 

much memory and simulation time. We could consider the use of Ray Launching Geometrical Optics (RL-GO) in Feko, but this method, 
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designed for high accuracy in large antenna-placement and radar-cross-section problems, requires a ray density that makes it 

impractical at the level of large or multiple buildings at Wi-Fi frequencies. For wireless connectivity, better is to use one of the methods 

in Altair WinProp. This tool offers a range of computational methods, ranging from empirical models, via the semi-empirical Dominant 

Path Model (DPM) to accurate ray-tracing methods. The ray-tracing methods are able to take into account the full polarimetric 

information in every ray. This starts at the transmitter, where, in addition to amplitude, the polarization of the far fields in the antenna 

pattern, determined by Feko, is direction dependent. Then, at every reflection, transmission and diffraction of the rays in the wireless 

environment, accurate Fresnel / UTD coefficients can be used. Finally, at the receiver, the angle-dependent amplitude and polarization 

of the receiver’s far-field pattern are taken into account to determine the received power level. This ensures maximum accuracy, which 

is important for proper deployment of antennas. 

 

Antennas, Light Fixtures and Switch Boxes 

The IC-mounted antenna is shown in Fig. 1. It is a meandering metal strip on a dielectric substrate, locally without a ground plane 

underneath. The “left-to-right” size of the antenna is 15.5 mm, while the free-space wavelength at 2.44 GHz is eight times larger. 

Hence, the antenna is small, but not extremely small. 

The system is designed to transmit 6 mW in the Wi-Fi frequency band around 2.44 GHz. When modeling the antenna in Altair Feko 

without any matching circuit, it turns out to have a significant inductive input impedance. Without a need to know the actual electronics 

driving the antenna, the inductive input impedance is easily compensated with a 0.58 pF series capacitance. Once this is included in 

the Feko simulation, we have an antenna that resonates at the correct frequency, emits the correct power, and produces the correct 

antenna pattern. The next step is to integrate the antenna and the IC and PCB on which it is mounted in suitable Feko models of a 

switch box and a lamp with troffer. 

 

 

Figure 1 – Meandering antenna mounted on IC and PCB 

 

Fig. 2 shows the wall-mounted switch box and the resulting radiation pattern. The sides and the back of the switch box are metal, while 

the front is mostly plastic. Any significant interior geometry is also part of the model. A Feko simulation reveals that, due to the presence 

of the switch box, the accepted power of the antenna falls to 3.3 mW from 6 mW. Furthermore, of the 3.3 mW that leaves the antenna, 

1.3 mW is absorbed by the plastic and only 2.0 mW is radiated. This lower value for the radiated power need not be disastrous, but it is 

of course important find out about it from the Feko simulation, work with this correct actual power level in subsequent simulations, and 

possibly modify the antenna mounting or antenna selection to improve the radiated power. 
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Figure 2 – Switch box containing transmitting antenna, and resulting pattern 

 

Fig. 3 shows the recessed light fixture with the communication module. In the fixture, due to the way the PCB has been integrated, the 

antenna’s radiated power is only 2.2 mW, down from 6.0 mW. The diameter of the cylindrical fixture is 12 cm, so the frequency is above 

the cut-off frequency of this cylinder. However, the proximity of the metal of the fixture affects the antenna’s reflection coefficient, even 

though the mounting deliberately leaves significant separation. At smaller separations between the antenna and the rest of the fixture, 

the radiated power falls quickly. As mentioned earlier, a finding like this underscores the importance of the Feko simulation. 

 

Figure 3 – Recessed light fixture containing lamp and antenna, and resulting radiation 

pattern 
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Now that the antenna patterns and the power levels are known, we can use them in a propagation simulation in Altair WinProp. 

 

Connectivity in the Smart-Home Environment 

As a relevant example of the home in which the lighting system is to operate, we use the house shown in Fig. 4. Both outer and inner 

walls are made of brick. The transmission loss of brick is higher than that of drywall. This poses a challenge for the wireless system. 

Floor, ceiling, interior staircase, doors and windows are included. The house measures 23.6 m left to right 10.8 m front to back. There is 

a stoop in front and two decks in the rear. 

 

Figure 4 – House in which the wireless system is to be deployed 

 

Furniture and people are not included in this model. They could, however, be included. One attractive technique is rather than defining 

objects explicitly, to define volumes in which a lot of furniture and people are likely to be found and define an extra path loss per unit 

length for rays that traverse such a volume. Another technique is to increase the path loss in the entire house or building if one doesn’t 

know in advance where furniture will be placed. This second technique has been followed here, with a path loss exponent of 2.5, up 

from 2.0 for free space, as specified in the user manual for this kind of scenario.  

Fig. 5 shows a typical result for power received by lamps at 2.8 m height when the light switch in the hallway is transmitting. The 

receiver sensitivity is -88 dBm, which means in this image that deep blue indicates poor reception and that white indicates no reception 

(white pixels do have results but those fall below the lowest level of the user-defined legend). Note how WinProp combines the 

properties of transmitter and receiver in one result plot that tells you right away how well the system will work. 

 

  

Figure 5 – Power received by lamps at 2.8 m height when the light switch in the 

hallway is transmitting 
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Figure 5 shows that the light switch in the hallway is not able to reach lamps or other receiving systems in the entire house. In the worst 

case, connectivity is already lost at a distance of 7.5 m. To improve the overall connectivity, the lamps also communicate among each 

other. Fig. 6 shows a typical result of power received by lamps when one of the lamps is transmitting. In this case, a ceiling lamp in the 

hallway is transmitting. Note that, although the antenna patterns mostly point downward (Fig. 3), connectivity is still good over a 

horizontal separation of at least 7 m. 

 

Figure 6 – Power received by lamps at 2.8 m height when one of them is transmitting 

 

Simulations without full polarization information 

When using non-Altair tools, the polarization information may be more limited. We will investigate in this section how this can affect the 

accuracy of the result. Figure 7 shows the result of a simulation based on the same antenna patterns but with the following assumptions 

on polarization: (1) the transmitters in the light switches emit vertically-polarized fields with a cross-polarization component at -10 dB; 

(2) receivers in the lamps don’t discriminate based on polarization. The latter is reasonable because the polarization as a function of 

angle is highly variable, so it’s hard to declare the polarization as mostly vertical or mostly horizontal. 

 

 

Figure 7 – Result of similar simulation as in Figure 5, but with limited polarization 

information 
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Note from a comparison of Figures 7 and 5 that differences of several dB are common. Figure 8 shows the difference between the two 

(Figure 7 minus Figure 5). 

 

Figure 8 – Difference in dB between received powers in Figure 7 and Figure 5 

 

Near the transmitter, the results from the limited simulation are too optimistic by up to 9 dB. This is due to the assumption that the 

receiver has no polarization discrimination. This discrepancy is of no concern, because connectivity at short distance is good anyway.  

Far from the transmitter, the discrepancy is often close to zero dB (green tending to yellow), but it can be 8 dB off. Clearly, the 

polarization variations in the antenna patterns are complicated enough to make a fully-polarimetric simulation the preferred approach. In 

this respect, it is interesting to realize how many rays reach any single pixel, as illustrated in Fig. 9. 

 

 

Figure 9 – Power in any one location is the sum of many contributions 

 

If one doesn’t take the correct individual polarizations of the rays into account when adding the contributions, significant errors in the 

final result can be made. These can work both ways: one can be too optimistic, expecting good connectivity where connectivity will be 

poor, or too pessimistic, and consequently spending more on equipment than needed. 
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Conclusion 

Fully polarimetric simulations in Altair Feko and WinProp were used to assess the reliability of a wireless system before deployment. 

Without a fully polarimetric simulation, one can, in this example, be eight dB too optimistic or too pessimistic in places. 

The study shows that good connectivity can be expected between control switches and lamps, as well as between pairs of lamps, for 

distances of about 7 m. Without brick walls, e.g. walls made of drywall material, this safe distance would be larger. If lamp fixtures can 

function as repeaters and are separated 7 m or less, then this system can be expected to work throughout this house.
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