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Abstract

Multiway switching has become nowadays quite frequently used in build-
ing wiring. It can be defined as an interconnection of two or more electrical
switches in order to control an electrical load from more than one location.
Although the electrical load is often a lamp, electrical outlets, fans, pumps,
heaters or other appliances, it can also be controlled by multiway switching.
However, in this paper we will deal only with lighting systems.

Special switches are required to implement the system (three-way and
four-way switches) that have additional contacts, and extra wires must be
run between them. In this way the light can be controlled from different
spots, e.g. the top and bottom of stairs or the end of a long hallway.

Externally there is a resemblance between these switches and the standard
single-pole ones. Extra connections make possible the control of a circuit from
multiple locations. By connecting one or more four-way switches in-line, with
three-way switches at either end, the light can be controlled from three or
more locations. Toggling any switch changes the state of the light from off
to on, or from on to off.

We would like to introduce a solution in this paper, based on FPGA for
the mentioned system and using HDL. The aim is to attain a high level of
generalization by applying any (even quite large) number of switches and
lights.
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1. Introduction
Multiway Switching is a switching system used in building wiring. It ensures the

control of one or more electrical loads using two or more switches activated from
different locations. The loads can be light bulbs, pumps or ventilators [1]. In
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this paper we use the terminology of “light bulbs” for the load, but in the real life
development it may represent any kind of electrical load.

Let’s take two practical examples, where these control systems can be applied.
First of all, consider buildings with multiple floors. Suppose that we live in a storey
house and arrive home late from work when it’s already dark. It is a standard
requirement today that we switch on the light at the ground floor, get upstairs and
turn off the light, there is no need to walk down again to switch it off. We may
think of long corridors too: instead of having only one switch at the end of the
corridor it is more favorable to install a switch next to each door.

Now, let us see in detail, how these systems work. Consider the simplest exam-
ple, when the system contains only two switches. (see Figure 1.)
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Figure 1: Classical multiway switching with 2 switches

In this case we use two three-way switches which allow us to control the system
from two different locations. The number of light bulbs is arbitrary. The idea is to
connect them to the system in a parallel way. To understand the main principle
of the system, we use the following notations: if the position of the switch is left,
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we use 0, if it is right, we use 1. By applying two switches, four cases can be
encountered. To represent these cases, we used the reflected binary code, also
known as Gray code (see e.g. [2,3]). In two cases the light bulbs will be on and
in the other two they will be off (see Table 1.). We can notice that a next state is
always the opposite of the previous one.

Case | SW1 | SW2 | Light
(a) 0 0 OFF
(b) 0 1 ON
(c) 1 1 OFF
(d) 1 0 ON

Table 1: ON/OFF table for multiway switching with 2 switches

If we would like to enlarge the system with more switches we need four-way
or crossover switches. The rule is that these have to be connected between the
three-way switches as it can be seen on the Figure 2.

In this example we used three switches, but the same logic can be extended for
multiple switches. We can state that a system with N switches must contain two
three-way switches and N-2 four-way switches. In the case of a system with three
switches, eight different states are possible, where in four cases the light bulbs will
be on, and in the other cases, the light bulbs will be off (see Figure 2.). In this
case, for the representation of the system states, the Gray code was used similarly,
having the main properties that the Hamming distance between the current state
and the next system state is always one (see e.g. [2,3]). The following chart (Table
2.) shows that in the case of three switches the next state is always the opposite of
the previous one, and the light bulb will be on only if an odd number of switches
are on.

Case | SW1 | SW2 | SW3 | Light
(a) 0 0 0 OFF
(b) 0 0 1 ON
(c) 0 1 1 OFF
(d) 0 1 0 ON
(e) 1 1 0 OFF
() 1 1 1 ON
(g) 1 0 1 OFF
(h) 1 0 0 ON

Table 2: ON/OFF table for multiway switching with 3 switches
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Figure 2: Classical multiway switching with 3 switches

2. Development environment

In order to implement the controller, Quartus II Web Edition software was used,
developed by Altera Corporation [4]. If we study the operating logic of the classical
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multiway switching we get to the conclusion that it is enough to examine parity
to control the multiway switching system. We should also take into consideration
that the HDL code written by us should be universal and portable. The controller
was implemented using VHDL then Verilog language (see e.g. [5]-[7]). Designing
N number of inputs makes possible to control a multiway switching system with
N switches. Although the controller has only one output, just like the classical
multiway switching systems, unidentified number of loads, in this case bulbs can
be connected to it. Similar FPGA controllers have been designed by other people
too (see e.g. [8,9]). The pseudo-code of our design is as shown below:

Pseudo-code:

generic (N : integer := N);
port (inputs : in std_logic_vector(N-1 downto 0);
output : out std_logic);
PROCESS (inputs)
VARIABLE temp : std_logic;
BEGIN temp := ’07;
for I in O to N-1 loop
temp := temp xor inputs(I);
end loop;
output <= temp;
END PROCESS;

On Figure 3. we can see the implementation of a controller which is capable
to direct a system with 3 switches and 3 bulbs. As we have already mentioned,
the Quartus II software makes this possible. In this case the value of N is 3, and
this code determines the controller. (On Figure 3. it is marked with mws_3.) We
connect 3 switches (SW2-SW0) to the input of the controller by the help of a bus.
There are also 3 parallel red LEDs (LEDRO-LEDR2) bound to the output. The
number of bulbs (LEDs) is optional.

Parameter |\Value Type
N 3 Signed Integer

P

WUTPUT [ LEDR]T]
WUTEUT  —— LEDR[]
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Figure 3: Controller design for a system with 3 switches using
Quartus II

The compilation of the project is followed by the simulation process with the
help of the well-known Quartus II software [4]. We can see the results on Figure 4.
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It is evident that a certain output state is the opposite of the former one and the
output will be active only if an odd number of inputs (switches) are on.

Simulation Waveforms
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Figure 4: Simulation results for a system controller with 3 inputs

Figure 5: Altera DE1 development board with Cyclone II FPGA
chip

The next step is the testing of the controller on a physical device, using Altera
DE1 Development and Education board with Cyclone II FPGA chip (see Figure
5). The way the controller works can be checked on Table 2. and Figure 4.,
which consist the result of the simulation. We have the possibility to test the
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FPGA controller for systems with different sizes because the card has 10 single pole
switches (SW0-SW9), 10 red LEDS (LEDRO-LEDRY) and 8 green LEDS (LEDGO-
LEDGT) [10]. Satisfactory results can be obtained in each case.

3. Conclusions

We managed to design an FPGA based controller, which fulfills the multiway
switching system requirements. The HDL code used for the implementation is
universal and portable. Our solution eliminates the use of four-way and three-way
switches [11], which are more expensive: our system uses N pieces of two-way Sin-
gle Pole, Single Throw (SPST) switches. Another advantage of the using FPGA
controllers is that the system is controlled by low pressure current circuit. The
controller presented by us is used most efficiently at new buildings.
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